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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] Four optical circulators which are the optical circuits for an optical pass 
arrangement which have at least four extraneous light input/output port, and have said 
extraneous light input/output port, the input/output port connected, input port, and an 
output port, respectively, Four uni-directional optical amplification means to input the 
signal light from the output port of these optical circulators, respectively, and to amplify it, 
The optical circuit for an optical pass arrangement characterized by inputting the signal 
light outputted from these four uni-directional optical amplification means, respectively, 
and having the optical control means which controls the output to the input port of said 
optical circulator of this signal light. 

[Claim 2] Said optical control means is an optical circuit for an optical pass arrangement 
according to claim 1 characterized by consisting of two light wave length 
multiplexing/demultiplexing circuits and two or more optical cross-connect 
ADODOROPPU switches. 

[Claim 3] Said optical cross-connect ADODOROPPU switch The transparency joint port 
selection optical switch which chooses two or more inputted lightwave signals suitably, 
and outputs them from said one near light wave length multiplexing/demultiplexing circuit, 
The output crossbar actuation optical switch which inputs the lightwave signal from this 
transparency joint port selection optical switch, and changes and outputs an output 
destination change port suitably, The optical circuit for an optical pass arrangement 
according to claim 2 characterized by being constituted by the transparency joint port 
selection optical switch which chooses suitably the output destination change port where 
the lightwave signal from this output crossbar actuation optical switch is connected to said 
near light wave length multiplexing/demultiplexing circuit of another side, and outputs it. 
[Claim 4] Said optical cross-connect ADODOROPPU switch The output crossbar 
actuation optical switch which changes and outputs two or more inputted lightwave 
signals for an output destination change port suitably from said one near light wave length 
multiplexing/demultiplexing circuit, The transparency joint port selection optical switch 
which chooses suitably two or more lightwave signals inputted from this output crossbar 
actuation optical switch, and outputs them, The transparency joint port selection optical 
switch which chooses an output destination change port and outputs suitably the lightwave 
signal inputted from this transparency joint port selection optical switch, The optical 
circuit for an optical pass arrangement according to claim 2 characterized by being 
constituted by the output crossbar actuation optical switch which chooses suitably the 
output destination change port where the lightwave signal from this transparency joint port 
selection optical switch is connected to said near light wave length 
multiplexing/demultiplexing circuit of another side, and outputs it. 
[Claim 5] The 1st thru/or the 4th optical circulator in which each has the optical 
input/output port to which each of the 1st thru/or 4th extraneous light input/output port is 
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connected, optical input port, and an optical output port, The 1st four optical input/putput 
port to which said the 1st thru/or each optical input port of the 4th optical circulator is 
connected corresponding to 1 to 1, and - this - with 1 which has the 2nd four different 
optical input/output port from the 1st four optical input/output port, or two or more light 
wave length multiplexing/demultiplexing circuits Among the 2nd four optical input/output 
port of said light wave length multiplexing/demultiplexing circuit corresponding to 1 to 1 
in the 1st thru/or each optical output port of the 4th optical circulator [ with each optical 
output port of said the 1st thru/or 4th optical circulator, and the 2nd four optical 
input/output port of said light wave length multiplexing/demultiplexing circuit ] Connect 
and it has 1st thru/or 4th four uni-directional optical amplification means to amplify and 
output the lightwave signal spread in the direction which goes to the 2nd four optical 
input/output port of said light wave length multiplexing/demultiplexing circuit from the 
1st thru/or each optical output port of the 4th optical circulator. It has the 1st thru/or 4th 
optical input port and 1st thru/or 4th optical output port. Signal light is made to penetrate 
between the 1st optical input port and the 2nd optical output port and between the 3rd 
optical input port and the 4th optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 2nd optical output port and except between the 3rd optical input port and the 4th 
optical output port, and ] Or signal light is made to penetrate between the 1st optical input 
port and the 2nd optical output port and between the 4th optical input port and the 3rd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 1 st optical input port and the 2nd optical output 
port and except between the 4th optical input port and the 3rd optical output port, and ] Or 
signal light is made to penetrate between the 1st optical input port and the 4th optical 
output port and between the 3rd optical input port and the 2nd optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 1st optical input port and the 4th optical output port and except between 
the 3rd optical input port and the 2nd optical output port, and ] Or signal light is made to 
penetrate between the 1st optical input port and the 3rd optical output port and between 
the 4th optical input port and the 2nd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 1st 
optical input port and the 3rd optical output port and except between the 4th optical input 
port and the 2nd optical output port, and ] Or signal light is made to penetrate between the 
2nd optical input port and the 1st optical output port and between the 3rd optical input port 
and the 4th optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 1st 
optical output port and except between the 3rd optical input port and the 4th optical output 
port, and ] Or signal light is made to penetrate between the 2nd optical input port and the 
1st optical output port and between the 4th optical input port and the 3rd optical output 
port. And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 2nd optical input port and the 1st optical output port and except 
between the 4th optical input port and the 3rd optical output port, and ] Or signal light is 
made to penetrate between the 2nd optical input port and the 3rd optical output port and 
between the 4th optical input port and the 1st optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
2nd optical input port and the 3rd optical output port and except between the 4th optical 
input port and the 1st optical output port, and ] Or signal light is made to penetrate 
between the 2nd optical input port and the 4th optical output port and between the 3rd 
optical input port and the 1 st optical output port. And between the 2nd optical input port 
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and the 4th optical output port Whether signal light is intercepted among all the optical 
input port and optical output ports except between the 3rd optical input port and the 1st 
optical output port And switching circuit Sl-j for 4 input 4 output optical cross-connects 
selectable to arbitration (]= 1, 2, --, N), Or it has the 1st thru/or 4th optical input port and 
the 1st thru/or the 4th optical output port. Signal light is made to penetrate between the 1st 
optical input port and the 2nd optical output port and between the 3rd optical input port . 
and the 4th optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 1st optical input port and the 2nd 
optical output port and except between the 3rd optical input port and the 4th optical output 
port, and ] Or signal light is made to penetrate between the 1st optical input port and the 
2nd optical output port and between the 4th optical input port and the 3rd optical output 
port. And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 1 st optical input port and the 2nd optical output port and except 
between the 4th optical input port and the 3rd optical output port, and ] Or signal light is 
made to penetrate between the 1st optical input port and the 4th optical output port and 
between the 3rd optical input port and the 2nd optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1 st optical input port and the 4th optical output port and except between the 3rd optical 
input port and the 2nd optical output port, and ] Or signal light is made to penetrate 
between the 1 st optical input port and the 3rd optical output port and between the 4th 
optical input port and the 2nd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 3rd optical output port and except between the 4th optical input port and the 2nd 
optical output port, and ] Or all make signal light penetrate between the 2nd optical input 
port and the 1 st optical output port and between the 3rd optical input port and the 4th 
optical output port, and excluding between the 2nd optical input port and the 1st optical 
output port and between the 3rd optical input port and the 4th optical output port Intercept 
signal light between **** input port and an optical output port, or signal light is made to 
penetrate between the 2nd optical input port and the 1st optical output port and between 
the 4th optical input port and the 3rd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 2nd 
optical input port and the 1st optical output port and except between the 4th optical input 
port and the 3rd optical output port, and ] Or signal light is made to penetrate between the 
2nd optical input port and the 3rd optical output port and between the 4th optical input 
port and the 1st optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 3rd 
optical output port and except between the 4th optical input port and the 1st optical output 
port, and ] Or signal light is made to penetrate between the 2nd optical input port and the 
4th optical output port and between the 3rd optical input port and the 1st optical output 
port. And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 2nd optical input port and the 4th optical output port and except 
between the 3rd optical input port and the 1st optical output port, and ] Or signal light is 
made to penetrate between the 1st optical input port and the 3rd optical output port and 
between the 2nd optical input port and the 4th optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1st optical input port and the 3rd optical output port and except between the 2nd optical 
input port and the 4th optical output port, and ] Or signal light is made to penetrate 
between the 1 st optical input port and the 4th optical output port and between the 2nd 
optical input port and the 3rd optical output port. And [ whether signal light is intercepted 
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among all the optical input port and optical output ports between the 1st optical input port 
and the 4th optical output port and except between the 2nd optical input port and the 3rd 
optical output port, and ] Or signal light is made to penetrate between the 3rd optical input 
port and the 1 st optical output port and between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 3rd optical input port and the 1st optical output 
port and except between the 4th optical input port and the 2nd optical output port, and ] Or 
signal light is made to penetrate between the 4th optical input port and the 1st optical 
output port and between the 3rd optical input port and the 2nd optical output port. And 
between the 4th optical input port and the 1 st optical output port Whether signal light is 
intercepted among all the optical input port and optical output ports except between the 
3rd optical input port and the 2nd optical output port And switch SP-j for 4 input 4 output 
optical cross-connects selectable to arbitration (j^ 1, 2, N), Or it has the 1st thru/or 4th 
optical input port and 1st thru/or 4th optical output port. Optical waveguide between the 
1st optical input port and the 2nd optical output port and .between the 3rd optical input port 
and the 4th optical output port An epilogue, Carry out termination of all the other optical 
input port and optical output ports, or optical waveguide between the 1st optical input port 
and the 2nd optical output port and between the 4th optical input port and the 3rd optical 
output port An epilogue, Carry out termination of all the other optical input port and 
optical output ports, or optical waveguide between the 1st optical input port and the 4th 
optical output port and between the 3rd optical input port and the 2nd optical output port 
An epilogue, Carry out termination of all the other optical input port and optical output 
ports, or optical waveguide between the 1 st optical input port and the 3rd optical output 
port and between the 4th optical input port and the 2nd optical output port An epilogue, 
Carry out termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 1st optical output port and between 
the 3rd optical input port and the 4th optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 1st optical output port and between 
the 4th optical input port and the 3rd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 3rd optical output port and between 
the 4th optical input port and the 1 st optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 4th optical output port and between 
the 3rd optical input port and the 1 st optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1st optical input port and the 3rd optical output port and between 
the 2nd optical input port and the 4th optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1st optical input port and the 4th optical output port and between 
the 2nd optical input port and the 3rd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 3rd optical input port and the 4th optical output port and between 
the 4th optical input port and the 2nd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 4th optical input port and the 1st optical output port and between 
the 3rd optical input port and the 2nd optical output port An epilogue, It corresponds to the 
light wave length channel whose either of one 4 input 4 output optical circuit S3-j Q= 1, 2, 
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--, N) of whether termination of all the other optical input port and optical output ports is 
carried out is the element of the set LO of a light wave length channel separately. It is 
arranged, respectively, Such switching circuit Sl-j for a total of N 4 input 4 output optical 
cross-connects, SP-j Or it is the optical circuit for an optical pass arrangement where it 
comes to connect two or more optical input/output port of said light wave long 
multiplexing/demultiplexing circuit corresponding to 1 to 1 with each of all the optical . 
input port of 4 input 4 output optical circuit S3-j and optical output ports, these optical 
input port, and an optical output port, respectively. It is a form about eight relatively prime 
sets A- 1 whose optical input/output port of said light wave length 
multiplexing/demultiplexing circuit is the set about the light wave length 
multiplexing/demultiplexing to set LO[ of a light wave length channel ] = {lambdaj} (i= 1, 
2, ~, N), A-2, A-3, A-4, A-5, A-6, A-7, and A-8. The optical waveguide which 
accomplishes and connects the 1 st input/output port by the side of multiplexing which is 
the element of which the set A-l of the optical input/output port of a light wave length 
multiplexing/demultiplexing circuit, and the optical output port of the 1st uni-directional 
optical amplification means, The optical waveguide which connects the 2nd input/output 
port by the side of multiplexing which is the element of which the set A-2 of those other 
than set A-l of the optical input/output port of a light wave length 

multiplexing/demultiplexing circuit, and the optical output port of the 2nd uni-directional 
optical amplification means, The optical waveguide which connects the 3rd input/output 
port by the side of multiplexing which is the element of the set A-l of the optical 
input/output port of a light wave length multiplexing/demultiplexing circuit, and which the 
set A-3 of those other than A-2, and the optical output port of the 3rd uni-directional 
optical amplification means, The optical waveguide which connects the 4th input/output 
port by the side of multiplexing which is the element of which the set A-4 of those other 
than the set A-l of the optical input/output port of a light wave length 
multiplexing/demultiplexing circuit, A-2, and A-3, and the optical output port of the 4th 
uni-directional optical amplification means, The optical waveguide which connects the 5th 
input/output port by the side of multiplexing which is the element of which the set A-5 of 
those other than the set A-l of the optical input/output port of a light wave length 
multiplexing/demultiplexing circuit, A-2, A-3, and A-4, and the optical input port of the 
1st optical circulator, The optical waveguide which connects the 6th input/output port by 
the side of multiplexing which is the element of which the set A-6 of those other than the 
set A-l of the optical input/output port of a light wave length multiplexing/demultiplexing 
circuit, A-2, A-3, A-4, and A-5, and the optical input port of the 2nd optical circulator, The 
optical waveguide which connects the 7th input/output port by the side of multiplexing 
which is the element of which the set A-7 of those other than the set A-l of the optical 
input/output port of a light wave length multiplexing/demultiplexing circuit, A-2, A-3, A-4, 
A-5, and A-6, and the optical input port of the 3rd optical circulator, The optical 
waveguide which connects the 8th input/output port by the side of multiplexing which is 
the element of which the set A-8 of those other than the set A-l of the optical input/output 
port of a light wave length multiplexing/demultiplexing circuit, A-2, A-3, A-4, A-5, A-6, 
and A-7, and the optical input port of the 4th optical circulator, The optical waveguide 
which connects the optical input port of said 1st uni-directional optical amplification 
means, and the optical output port of said 1st optical circulator, The optical waveguide 
which connects the optical input port of said 2nd uni-directional optical amplification 
means, and the optical output port of said 2nd optical circulator, The optical waveguide 
which connects the optical input port of said 3rd uni-directional optical amplification 
means, and the optical output port of said 3rd optical circulator, The optical waveguide 
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which connects the dptical input port of said 4th uni-directional optical amplification 
means, and the optical output port of said 4th optical circulator, Switching circuit Sl-i for 
optical cross-connects corresponding to element lambdai (i= 1, 2, — , N) of the set LO of a 
light wave length channel, The optical waveguide which connects altogether the 1st 
optical input/output port by the side of the spectral separation corresponding to 
wavelength channel lambdai of the set A-l about the wavelength 

multiplexing/demultiplexing of the 1st optical input port of either SP-i or optical circuit 
S3-i, and said light wave length multiplexing/demultiplexing circuit, respectively, The 
optical waveguide which connects altogether the 2nd optical input/output port by the side 
of the spectral separation corresponding to wavelength channel lambdai of the set A-2 
about the wavelength multiplexing/demultiplexing of the 2nd optical input port of either 
switching circuit Sl-i for optical cross-connects, SP-i or optical circuit S3-i, and said light 
wave length multiplexing/demultiplexing circuit, respectively, The optical waveguide 
which connects altogether the 3rd optical input/output port by the side of the spectral 
separation corresponding to wavelength channel lambdai of the set A-3 about the 
wavelength multiplexing/demultiplexing of the 3rd optical input port of either switching 
circuit Sl-i for optical cross-connects, SP-i or optical circuit S3-i, and said light wave 
length multiplexing/demultiplexing circuit, respectively, The optical waveguide which 
connects altogether the 4th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-4 about the wavelength 
multiplexing/demultiplexing of the 4th optical input port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, The optical waveguide which connects 
altogether the 5th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-5 about the wavelength 
multiplexing/demultiplexing of the 1st optical output port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, The optical waveguide which connects 
altogether the 6th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-6 about the wavelength 
multiplexing/demultiplexing of the 2nd optical output port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, The optical waveguide which connects 
altogether the 7th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-7 about the wavelength 
multiplexing/demultiplexing of the 3rd optical output port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, Switching circuit Sl-i for optical 
cross-connects, Having the optical waveguide which connects altogether the 8th optical 
input/output port by the side of the spectral separation corresponding to wavelength 
channel lambdai of the set A-8 about the wavelength multiplexing/demultiplexing of the 
4th optical output port of either SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively The optical circuit for an optical pass 
arrangement by which it is characterized. 

[Claim 6] Said switching circuit Sl-j for optical cross-connects It is formed on 1 or two or 
more PLC substrates, and has the 1 st, two 2nd optical input port and the 1 st, and 2nd two 
optical output ports. Signal light is made to penetrate between the 1st optical input port 
and the 1 st optical output port and between the 2nd optical input port and the 2nd optical 
output port. And [ whether signal light is intercepted among all the optical input/output 
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port between the 1st optical input port and the 1st optical output port and except between 
the 2nd optical input port and the 2nd optical output port, and ] Or signal light is made to 
penetrate between the 1 st optical input port and the 2nd optical output port and between 
the 2nd optical input port and the 1 st optical output port. And 2x2 cross-bar actuation 
optical switch circuit CS-k which can choose as arbitration whether signal light is 
intercepted among all the optical input/output port between the 1st optical input port and- 
the 2nd optical output port and except between the 2nd optical input port and the 1st 
optical output port (k= 1), Each is equipped with the 1st and 2nd spectral separation side 
[ two ] light input/output port and multiplexing side [ one ] light input/output port. Signal 
light is made to penetrate between the 1st spectral separation side light input/output port 
and the 1st multiplexing side light input/output port. And [ whether signal light is 
intercepted among all the optical input/output port except between the 1st spectral 
separation side light input/output port and the 1st multiplexing side light input/output port, 
and ] Or signal light is made to penetrate between the 2nd spectral separation side light 
input/output port and the 1st multiplexing side light input/output port. And the 1st thru/or 
4th four 2x1 transparency joint port selection optical switch circuit SS-i (i= 1, 2, 3,4) 
which can choose as arbitration whether signal light is intercepted among all the optical 
input/output port except between the 2nd spectral separation side light input/output port 
and the 1st multiplexing side light input/output port, The optical waveguide which 
connects the 1st optical input port of switching circuit Sl-j for optical cross-connects, and 
which 1st spectral separation side light input/output port of 2x1 transparency joint port 
selection optical switch circuit SS-1, The optical waveguide which connects the 2nd 
optical input port of switching circuit Sl-j for optical cross-connects, and said 2nd spectral 
separation side light input/output port of 2x1 transparency joint port selection optical 
switch circuit SS-1, The optical waveguide which connects the 3rd optical input port of 
switching circuit Sl-j for optical cross-connects, and which [ except said 2x1 transparency 
joint port selection optical switch circuit SS-1 ] 2nd spectral separation side light 
input/output port of 2x1 transparency joint port selection optical switch circuit SS-2, The 
optical waveguide which connects the 4th optical input port of switching circuit Sl-j for 
optical cross-connects, and said 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-2, The optical waveguide which 
connects which [ except the 1st optical output port of switching circuit Sl-j for optical 
cross-connects, said 2x1 transparency joint port selection optical switch circuit SS-1, and 
SS-2 ] 2nd spectral separation side light input/output port of 2x1 transparency joint port 
selection optical switch circuit SS-3, The optical waveguide which connects the 2nd 
optical output port of switching circuit Sl-j for optical cross-connects, and said 1st 
spectral separation side light input/output port of 2x1 transparency joint port selection 
optical switch circuit SS-3, Which [ except the 3rd optical output port of switching circuit 
Sl-j for optical cross-connects, said 2x1 transparency joint port selection optical switch 
circuit SS-1, SS-2, and SS-2 ] 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-4 The optical waveguide which 
connects the optical waveguide to connect, and the 4th optical output port of switching 
circuit Sl-j for optical cross-connects and said 2nd spectral separation side light 
input/output port of 2x1 transparency joint port selection optical switch circuit SS-4, The 
optical waveguide which connects said 1st multiplexing side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-1, and said 1st optical input port 
of 2x2 cross-bar actuation optical switch circuit CS-1, The optical waveguide which 
connects said 1st multiplexing side light input/output port of 2x1 transparency joint port 
selection optical switch circuit SS-2, and said 2nd optical input port of 2x2 cross-bar 
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actuation optical switch circuit CS-1, *The optical waveguide which connects said .1st 
multiplexing side optical output port of 2x1 transparency joint port selection optical 
switch circuit SS-3, and said 1st optical output port of 2x2 cross-bar actuation optical 
switch circuit CS-1, The optical circuit for an optical pass arrangement according to claim 
5 characterized by having the optical waveguide which connects said 1 ;st multiplexing side 
light input/output port of 2x1 transparency joint port selection optical switch circuit SS-4, 
and said 2nd optical output port of 2x2 cross-bar actuation optical switch circuit CS-1. 
[Claim 7] Said switch SP-j for optical cross-connects Are created on 1 or two or more 
PLC substrates, and each is equipped with the 1st, two 2nd optical input port and the 1st, 
and 2nd two optical output ports, and makes signal light penetrate between the 1st optical 
input port and the 1st optical output port and between the 2nd optical input port and the 
2nd optical output port. And [ whether signal light is intercepted among all the optical 
input/output port between the 1st optical input port and the 1st optical output port and 
except between the 2nd optical input port and the 2nd optical output port, and ] Or signal 
light is made to penetrate between the 1st optical input port and the 2nd optical output port 
and between the 2nd optical input port and the 1st optical output port. And between the 1st 
optical input port and the 2nd optical output port And the 1st thru/or 4th four 2x2 cross-bar 
actuation optical switch circuit CS-k (k= 1, 2, 3, 4) which can choose as arbitration 
whether signal light is intercepted among all the optical input/output port except between 
the 2nd optical input port and the 1st optical output port, Each is equipped with the 1st and 
2nd spectral separation side [ two ] light input/output port and multiplexing side [ one ] 
light input/output port. Signal light is made to penetrate between the 1st spectral 
separation side light input/output port and the 1st multiplexing side light input/output port. 
And [ whether signal light is intercepted among all the optical input/output port except 
between the 1st spectral separation side light input/output port and the 1st multiplexing 
side light input/output port, and ] Or signal light is made to penetrate between the 2nd 
spectral separation side light input/output port and the 1st multiplexing side light 
input/output port. And the 1st thru/or 4th four 2x1 transparency joint port selection optical 
switch circuit SS-i (i= 1, 2, 3, 4) which can choose as arbitration whether signal light is 
intercepted among all the optical input/output port except between the 2nd spectral 
separation side light input/output port and the 1st multiplexing side light input/output port, 
The optical waveguide which connects the 1st optical input port of switch SP-j for optical 
cross-connects, and which 2nd optical input port of 2x2 cross-bar actuation optical switch 
circuit CS-1, The optical waveguide which connects the 2nd optical input port of switch 
SP-j for optical cross-connects, and said 1st optical input port of 2x2 cross-bar actuation 
optical switch circuit CS-1, The optical waveguide which connects the 3rd optical input 
port of switch SP-j for optical cross-connects, and which 1st optical input port of 2x2 
cross-bar actuation optical switch circuit CS-2 except said 2x2 cross-bar actuation optical 
switch circuit CS-1, The optical waveguide which connects the 4th optical input port of 
switch SP-j for optical cross-connects, and said 2nd optical input port of 2x2 cross-bar 
actuation optical switch circuit CS-2, The optical waveguide which connects the 1st 
optical output port of switch SP-j for optical cross-connects, and which 2nd optical output 
port of 2x2 cross-bar actuation optical switch circuit CS-3 except 2x2 cross-bar actuation 
optical switch circuit CS-1 and CS-2, The optical waveguide which connects the 2nd 
optical output port of switch SP-j for optical cross-connects, and the 1st optical output port 
of 2x2 cross-bar actuation optical switch circuit CS-3, The optical waveguide which 
connects the 3rd optical output port of switch SP-j for optical cross-connects, and which 
1st optical output port of 2x2 cross-bar actuation optical switch circuit CS-4 except 2x2 
cross-bar actuation optical switch circuit CS-1, CS-2, and CS-3, The optical waveguide 
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which connects the 4th optical output port of switch SP-j for optical cross-connects; and 
the 2nd optical output port of 2x2 cross-bar actuation optical switch circuit CS-4, The 
optical waveguide which connects the 1st optical output port of 2x2 cross-bar actuation 
optical switch circuit CS-1, and which 2nd spectral separation side light input/output port 
of 2x1 transparency joint port selection optical switch circuit SS-1, The optical waveguide 
which connects the 1st optical output port of 2x2 cross-bar actuation optical switch circuit 
CS-2, and said 1st spectral separation side light input/output port of 2x1 transparency joint 
port selection optical switch circuit SS-1, The optical waveguide which connects the 2nd 
optical output port of 2x2 cross-bar actuation optical switch circuit CS-2, and which 
[ except 2x1 transparency joint port selection optical switch circuit SS-1 ] 1st spectral 
separation side light input/output port of 2x1 transparency joint port selection optical 
switch circuit SS-2, The optical waveguide which connects the 2nd optical output port of 
2x2 cross-bar actuation optical switch circuit CS-1, and said 2nd spectral separation side 
light input/output port of 2x1 transparency joint port selection optical switch circuit SS-2, 
The optical waveguide which connects the 1st optical input port of 2x2 cross-bar actuation 
optical switch circuit CS-3, and which [ except SS-2 ] 2x1 transparency joint port 
selection optical switch circuit SS-1 and 1st [ of 2x1 transparency joint port selection 
optical switch circuit SS-3 ] spectral separation side light input/output port, The optical 
waveguide which connects the 1st optical input port of 2x2 cross-bar actuation optical 
switch circuit CS-4, and the 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-3, The optical waveguide which 
connects the 2nd optical input port of 2x2 cross-bar actuation optical switch circuit CS-4, 
and which [ except SS-3 ] 2x1 transparency joint port selection optical switch circuit SS-1, 
SS-2, and 2nd [ of 2x1 transparency joint port selection optical switch circuit SS-4 ] 
spectral separation side light input/output port, The optical waveguide which connects the 
2nd optical input port of 2x2 cross-bar actuation optical switch circuit CS-3, and the 1st 
spectral separation side light input/output port of 2x1 transparency joint port selection 
optical switch circuit SS-4, The optical waveguide which connects the 1st multiplexing 
side light input/output port of 2x1 transparency joint port selection optical switch circuit 
SS-1, and the 1st multiplexing side light input/output port of 2x1 transparency joint port 
selection optical switch circuit SS-3, The optical circuit for an optical pass arrangement 
according to claim 5 characterized by having the optical waveguide which connects the 1st 
multiplexing side light input/output port of 2x1 transparency joint port selection optical 
switch circuit SS-2, and the 1st multiplexing side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-4. 

[Claim 8] Said 2x2 cross-bar actuation optical switch circuit CS-i is an optical circuit for 
an optical pass arrangement according to claim 6 or 7 characterized by consisting of a 
Mach TSUENDA mold flat-surface waveguide light TO switching circuit, a double-gate 
Mach TSUENDA mold flat-surface waveguide light TO switching circuit, a Mach 
TSUENDA mold flat-surface waveguide light LN switching circuit, a double-gate Mach 
TSUENDA mold flat-surface waveguide light LN switching circuit, or a semi-conductor 
light amplifier (SOA) mold 2x2 optical-switch circuit. 

[Claim 9] Said 2x1 transparency joint port selection optical switch circuit SS-i The inside 
of four optical input/output port of a Mach TSUENDA mold flat- surface waveguide light 
TO switching circuit, The inside of four optical input/output port of the thing realized 
using any three optical input/output port, or a double-gate Mach TSUENDA mold 
flat-surface waveguide light TO switching circuit, What was realized using any three 
optical input/output port, Or the inside of the optical waveguide which connects between 
the optical input/output port of the four Mach TSUENDA mold flat-surface waveguide 
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light TO switching circuit section in the configuration of a double-gate Mach TSLJENDA 
mold flat-surface waveguide light TO switching circuit, and these four Mach TSUENDA 
mold flat-surface waveguide light TO switching circuit section, The 2x1 transparency joint 
port selection optical switch circuit which consists of only optical waveguides which 
connect between the optical input/output port of the three Mach [ any ] TSUENDA mold 
flat-surface waveguide light TO switching circuit section and these three Mach 
TSUENDA mold flat-surface waveguide light TO switching circuit section, Or the inside 
of four optical input/output port of a Mach TSUENDA mold flat-surface waveguide light 
LN switching circuit, The inside of four optical input/output port of the thing realised 
using any three optical input/output port, or a double-gate Mach TSUENDA mold 
flat-surface waveguide light LN switching circuit, What was realized using any three 
optical input/output port, Or the inside of the optical waveguide which connects between 
the optical input/output port of the four Mach TSUENDA mold flat-surface waveguide 
light LN switching circuit section in the configuration of a double-gate Mach TSUENDA 
mold flat-surface waveguide light LN switching circuit, and these four Mach TSUENDA 
mold flat-surface waveguide light LN switching circuit section, Consisting of 2x1 
transparency joint port selection optical switch circuits which consist of only optical 
waveguides which connect between the optical input/output port of the three Mach [ any ] 
TSUENDA mold flat-surface waveguide light LN switching circuit section and these three 
Mach TSUENDA mold flat-surface waveguide light LN switching circuit section The 
optical circuit for an optical pass arrangement according to claim 6 or 7 by which it is 
characterized. 

[Claim 10] Said switching circuit Sl-j for optical cross-connects All configuration optical 
circuits are created on one PLC substrate flat surface, and it sees from a substrate top face. 
Clockwise The 2nd optical output port of switching circuit Sl-j for optical cross-connects, 
The 1st optical output port, the 3rd optical output port, the 4th optical output port, the 4th 
optical input port, It is arranged so that each optical input and output port may adjoin each 
other in order of the 3rd optical input port, the 1st optical input port, and the 2nd optical 
input port. The optical input/output port of 2x2 cross-bar actuation optical switch circuit 
CS-k (k=T) sees from a substrate top face. Clockwise The 2nd optical input port, the 1st 
optical input port, the 1st optical output port, Are arranged so that each other may be 
adjoined in order of the 2nd optical output port, and the optical input/output port of four 
2x1 transparency joint port selection optical switch circuit SS-i (i= 1, 2, 3, 4) sees from a 
substrate top face. Clockwise The 1 st spectral separation side light input/output port, the 
2nd spectral separation side light input/output port, By being arranged so that each other 
may be adjoined in order of the 1st multiplexing side light input/output port, and giving 
moderately spacing of each 2x2 cross-bar actuation optical switch circuit and a 2x1 
transparency joint port selection optical switch circuit further The optical circuit for an 
optical pass arrangement according to claim 6 characterized by being the arrangement 
which neither of the optical waveguides which connects between the optical input port of 
each 2x2 cross-bar actuation optical switch circuit and a 2x1 transparency joint port 
selection optical switch circuit and an optical output port intersects. 
[Claim 11] As for switch SP-j for optical cross-connects, all configuration optical circuits 
are created on one PLC substrate flat surface. It sees from a substrate top face. Clockwise 
The 2nd optical output port of switch SP-j for optical cross-connects, The 1 st optical 
output port, the 3rd optical output port, the 4th optical output port, the 4th optical input 
port, It is arranged so that each optical input and output port may adjoin each other in 
order of the 3rd optical input port, the 1st optical input port, and the 2nd optical input port. 
The optical input/output port of four 2x2 cross-bar actuation optical switch circuit CS-k 
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(k= 1, 2, 3, 4) sees from a substrate top face. Clockwise The 2nd optical input port, 'the 1st 
optical input port, the 1st optical output port, Are arranged so that each other may be 
adjoined in order of the 2nd optical output port, and the optical input/output port of four 
2x1 transparency joint port selection optical switch circuit SS-i (i= 1, 2, 3, 4) sees from a 
substrate top face. Clockwise The 1st spectral separation side light input/output port, the 
2nd spectral separation side light input/output port, By being arranged so that each other 
may be adjoined in order of the 1st multiplexing side light input/output port, and giving 
moderately spacing of each 2x2 cross-bar actuation optical switch circuit further In which 
optical waveguide which connects between the optical input port of each 2x2 cross-bar 
actuation optical switch circuit, and an optical output port Between the 2nd optical output 
port of 2x2 cross-bar actuation optical switch circuit CS-1, and the 2nd spectral separation 
side light input/output port of 2x1 transparency joint port selection optical switch circuit 
SS-2, The optical waveguide which connects between the 1st optical output port of 2x2 
cross-bar actuation optical switch circuit CS-2, and the 1st spectral separation side light 
input/output port of 2x1 transparency joint port selection optical switch circuit SS-1, 
respectively, Between the 2nd optical input port of 2x2 cross-bar actuation optical switch 
circuit CS-3, and the 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-4, and the 1st optical input port 
of 2x2 cross-bar actuation optical switch circuit CS-4 2 sets with the optical waveguide 
which connects between the 2nd spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-3, respectively, respectively 
Every one place, The optical circuit for an optical pass arrangement according to claim 7 
characterized by being arrangement without the crossover of the optical waveguide which 
only a total of two places cross and connects between the other optical input port and an 
optical output port. 

[Claim 12] Said light wave length multiplexing/demultiplexing circuit is an optical circuit 
for an optical pass arrangement according to claim 5 characterized by being an array 
waveguide mold flat-surface optical circuit (AWG). 

[Claim 13] One array waveguide flat- surface optical circuit WM-1 with all the waveguides 
for optical I/O that do not cross mutually [ form the set A-l about wavelength 
multiplexing/demultiplexing, A-2, A-3, and A-4, and ], One array waveguide flat-surface 
optical circuit WM-2 with all the waveguides for optical I/O that do not cross mutually 
[ form the set A-5 about wavelength multiplexing/demultiplexing, A-6, A-7, and A-8, and ], 
Switching circuit Sl-j for 4 input 4 output optical cross-connects and SP-j by which it is 
arranged according to an individual respectively corresponding to each wavelength 
channel, and those either is arranged for every wavelength channel, and optical circuit S3-j, 
Optical input/output port and switching circuit Sl-j for 4 input 4 output optical 
cross-connects of said array waveguide flat- surface optical circuit WM-1 and WM-2, In 
the light wave length multiplexing/demultiplexing circuit and the switching circuit section 
for optical cross-connects which consist of optical waveguides which connect the ports 
corresponding to each of the optical input port of SP-j and optical circuit S3-j (j= 1, 2, ~, 
N), and an optical output port The optical input/output port corresponding to wavelength 
channel lambdai of arbitration by which [ a clockwise rotation or / counter clockwise ] the 
surroundings by the optical I/O waveguide by the side of spectral separation of said the set 
of array waveguide flat-surface optical circuit WM-1 of each The 2nd, the 1st, the 3rd, the 
4th spectral separation side light input/output port It has stood in a line in order of 
(A-I/O-d-2-i, A-I/O-d-l-i, A-I/O-d-3-i, A-I/O-d-4-i). and between the optical input/output 
port located in a line with such sequence The ** into which the optical input/output port 
by the side of the spectral separation from which the optical input/output port and the 
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corresponding wavelength channel by the side of all other multiplexing differ does *not 
enter, Optical input/output port has accomplished the ensemble respectively in location for 
every corresponding wavelength channel. The optical input/output port corresponding to 
wavelength channel lambdai of arbitration sets to said array waveguide flat-surface optical 
circuit WM-1 by the optical I/O waveguide by the side of spectral separation of said the 
set of array waveguide flat-surface optical circuit WM-2 of each. The surroundings from, 
which optical input/output port serves as sequence of the 2nd, 1st, 3rd, and 4th spectral 
separation side light input/output port (A-I/O-d-2-i, A-I/O-d-l-i, A-I/O-d-3-i, A-I/O-d-4-i) 
to the circumference of reverse The 6th, the 5th, the 7th, the 8th spectral separation side 
light input/output port It has stood in a line in order of (A-I/O-d-6-i, A-I/O-d-5-i, 
A-I/O-d-7-i, A-I/O-d-8-i). and between the optical input/output port located in a line with 
such sequence The ** into which the optical input/output port by the side of the spectral 
separation from which the optical input/output port and the corresponding wavelength 
channel by the side of all other multiplexing differ does not enter, Optical input/output 
port has accomplished the ensemble respectively in location for every corresponding 
wavelength channel. Furthermore, it is related with the wavelength channel to which the 
ensembles of the optical input/output port for every wavelength channel by the side of 
spectral separation correspond. The sequence of the list about the wavelength channel to 
which the ensembles of the optical input/output port for every wavelength channel by the 
side of the sequence of ****** and said spectral separation of array waveguide 
flat- surface optical circuit WM-1 correspond is the sequence mutually same at the 
circumference of reverse. Furthermore, each switching circuit Sl-j for 4 input 4 output 
optical cross-connects, SP-j, And it is related with the wavelength channel to which the 
ensembles of the optical output port of optical circuit S3-j (j= 1,2, — , N) correspond. The 
sequence of the list about the wavelength channel to which the ensembles of the optical 
input/output port for every wavelength channel by the side of the sequence of ****** and 
said spectral separation of array waveguide flat- surface optical circuit WM-1 correspond 
is the same sequence by the mutually same surroundings. And each switching circuit Sl-j 
for 4 input 4 output optical cross-connects, SP-j, And it is related with the wavelength 
channel to which the ensembles of the optical output port of optical circuit S3-j (j= 1,2, — , 
N) correspond. When the sequence of the list about the wavelength channel to which the 
ensembles of the optical input/output port for every wavelength channel by the side of the 
sequence of ****** and said spectral separation of array waveguide flat- surface optical 
circuit WM-1 correspond is the sequence mutually same at the circumference of reverse 
On the same flat surface, array waveguide flat-surface optical circuit WM-1, WM-2 and 
switching circuit SI for 4 input 4 output optical cross-connects-j, It is the arrangement and 
the configuration of a circuit in which one does not have what crosses mutually by the 
optical waveguides which connect SP-j and optical circuit S3-j (j = 1> 2, — , N). Array 
waveguide flat-surface optical circuit WM-1, WM-2 and switching circuit Sl-j for 4 input 
4 output optical cross-connects, SP-j, and optical circuit S3-j 0= 1, 2, — , N), Array 
waveguide flat-surface optical circuit WM-1, WM-2, and switching circuit Sl-j for 4 input 
4 output optical cross-connects, [ whether the optical waveguide which connects between 
SP-j and optical circuit S3-j Q=l 9 2 9 — , N), respectively is created on the same flat-surface 
substrate, and ] Or the optical circuit for an optical pass arrangement according to claim 5 
characterized by combining each optical input/output port in the form which compares and 
carries out the flat-surface circuit board of the light wave length 

multiplexing/demultiplexing section and the flat-surface circuit board of the switching 
circuit for optical cross-connects by which the individual exception was created, and 
forming one plane optical circuit. 
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[Claim 14] In said optical circulator, the light inputted into optical input port The light 
which was outputted from optical input/output port and inputted from optical input/output 
port The light which is outputted from an optical output port, is inputted from optical 
input/output port and outputted from optical input port The light which is fully oppressed, 
is inputted from an optical output port, and is outputted from optical input/output port is 
an optical circuit for an optical pass arrangement according to claim 5 characterized by • 
fully being oppressed, not being concerned with the sense of I/O of light between optical 
input port and an optical output port, but fully oppressing light. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical circuit for an optical pass 

arrangement effective in the optical circuit for a communication link. 

[0002] 

[Description of the Prior Art] The example of a configuration of the conventional optical 
cross-connect circuit known widely and an optical ad drop circuit is shown in drawing 9 
and drawing 10 , respectively. In both drawings 1-1, 1-2, 1-3, and 1-4 the light wave 
length multiplexing/demultiplexing section 2-1, 2-2, 2-3, 2-4, and 3-j G= 1, 2, --, n) for a 
light amplifier 1-1, 1-2, 1-3, 1-4, 2-1,2-2, 2-3, and 2-4 2 input 2 output cross-bar actuation 
optical switch circuit 3-j, Extraneous light input port, 0-2, 0-4, and 0-4-1 - 0-4-n of 0-1, 
0-3, and 0-3-1 - 0-3-n are external optical output ports. 

[0003] In drawing 9 and drawing 10 , a light amplifier 1-1, 1-2, 1-3, and 1-4 are prepared 
for compensation of loss of an optical transmission line, and compensation of loss of the 
part except the light amplifier of an optical cross-connect circuit and the optical ad drop 
circuit itself. The configuration of each light amplifier 1-1, 1-2, 1-3, and 1-4 Since the 
reflective spot of the lightwave signal of a connector joint part etc. exists on a general 
transmission line In order to intercept the reflected light from these reflective spots, to be 
stabilized and to perform optical amplification, as shown in drawing 11 , the optical 
isolator l-i-2-1 which restricts propagation of signal light only in the desired direction of 
optical transmission, and l-i-2-2 are prepared before and after the optical amplification 
section 1-i-l. For this reason, also when carrying out optical amplification of the 
wavelength multiplexing lightwave signal, the whole of that propagation direction is 
restricted in the same direction. 

[0004] Moreover, generally as the optical amplification section which is the component of 
a light amplifier 1-1, 1-2, 1-3, and 1-4, the optical amplification section ( drawing 12 d) of 
the rare earth addition optical fiber of the bidirectional excitation ( drawing 12 a) by the 
semiconductor laser for excitation, front excitation ( drawing 12 b), and back excitation 
( drawing 12 c) or a semi-conductor mold is used. 



13 



JP 2001-103523-A1 
Computer Translation 



[0005] In order that quartz system glass may usually expand a magnification wavelfength 
band, Zr system fluoride glass and Telluride system glass are used for the host of a rare 
earth addition optical fiber. Moreover, as addition rare earth, Pr3+ is used for 1.5xl0-6m 
bands for 1.3xl0-6m bands (the 1995 autumn SHINGAKUKAI collected works C216 
besides Yamada, A.Mori, et al.OFC97, PDP1 reference). 

[0006] In addition, for a rare earth addition fiber, 5-1, and 5-2, as for an optical isolator, • 
7-1, and 7-2, in drawing 12 , the laser for excitation, 6-1, and 6-2 are [ 4 / a wavelength 
multiplexing/demultiplexing coupler and 8 ] flat-surface mold waveguide substrates. 
[0007] First, actuation of the optical cross-connect circuit shown in drawing 9 is explained. 
In the optical cross-connect circuit shown in drawing 9 , optical amplification of the 
external input port 0-1 and the wavelength multiple-signal light inputted from 0-3 is 
carried out by the light amplifier 1-1 and 1-3, respectively, and it is separated spectrally 
for every signal light of each wavelength channel by the light wave length 
multiplexing/demultiplexing section 2-1 and 2-3. The signal light separated spectrally for 
every wavelength channel in the light wave length multiplexing/demultiplexing section is 
inputted into a mutually different 2 input 2 output cross-bar actuation optical switch circuit 
3-1 for every pair of the signal light corresponding to the respectively same wavelength 
channel - 3-n, and change selection of the output port of a cross bar is performed, and it is 
outputted according to an individual, respectively. 

[0008] It is multiplexed by the light wave length multiplexing/demultiplexing section 2-2 
and 2-4 for every meeting of two signal light which duplication does not produce in a 
wavelength channel, respectively, and after optical amplification of this outputted signal 
light is carried out by the latter light amplifier 1-2 and 1-4, it is outputted from the external 
output port 0-2 and 0-4. 

[0009] Recombination of the indemnity of an optical transmission line and the wavelength 
channel of two wavelength multiple-signal light, i.e., an optical cross-connect, is realized 
by the actuation in the optical cross-connect circuit mentioned above. <BR> [0010] Next, 
actuation of the optical ad drop circuit shown in drawing 10 is explained. In the optical ad 
drop circuit shown in drawing 10 , optical amplification of the wavelength multiple-signal 
light inputted from the external input port 0-1 is carried out with a light amplifier 1-1, and 
it is separated spectrally for every signal light of each wavelength channel in the light 
wave length multiplexing/demultiplexing section 2-1. The ad (ADD) input signal light 
inputted from the external input port 0-3-1 prepared for every signal light separated 
spectrally for every wavelength channel in the light wave length 

multiplexing/demultiplexing section and wavelength channel - 0-3 -n It is inputted into a 
mutually different 2 input 2 output cross-bar actuation optical switch circuit 3-1 for every 
pair of the signal light corresponding to the respectively same wavelength channel - 3-n, 
and is outputted by performing change selection of the output port of a cross bar according 
to an individual, respectively. 

[0011] One side is multiplexed in the light wave length multiplexing/demultiplexing 
section 2-2 for every meeting of two signal light which duplication does not produce in a 
wavelength channel, respectively, and this outputted signal light is outputted as a drop 
(DROP) output signal light from the external output port 0-4-1 - 0-4-n which were able to 
prepare another side for every wavelength channel. The wavelength multiple-signal light it 
was multiplexed [ light ] in the light wave length multiplexing/demultiplexing section 2-2 
is outputted from the external output port 0-2, after optical amplification is carried out 
with the latter light amplifier 1-2. 

[0012] The ad drop of the signal light for every wavelength channel of the indemnity of an 
optical transmission line and wavelength multiple-signal light is realized by actuation of 
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the optical ad drop circuit mentioned above. < 
[0013] 

[Problem(s) to be Solved by the Invention] since the uni directional light amplifier be 
being use for the conventional optical cross-connect circuit and the optical ad drop circuit 
which be mentioned above in order it compensate loss of an optical transmission line and 
the optical circuit itself, they be that it be fix in the same direction which be altogether 
decided beforehand about the propagation direction of wavelength multiple signal light 
and exist , and have the problem that where of a function will be restrict only to a change 
of two conditions of the path of a cross bar mold as a result . 

[0014] The place which this invention was made in view of the above, and is made into 
the object The inside of an optical fiber is spread in the propagation direction of arbitration 
about going up and the direction of going down for every wavelength channel. And optical 
amplification is carried out, responding the wavelength multiple-signal light belonging to 
two streams accompanying a dynamic change of changing each propagation direction to 
up Rika going down or lower Rika going up if needed for every wavelength channel each 
time, and securing the isolation to the propagation direction of signal light. And while 
realizing eight kinds of optical propagation magnification conditions shown in drawing 6 
realized by performing an optical cross-connect for every wavelength channel Choose 
input/output port as arbitration in the range which does not overlap to four signal light 
input/output port, respectively for every wavelength channel, and signal light is made to 
output and input. It is in offering the optical circuit for an optical pass arrangement which 
can attain implementation of 12 kinds of optical propagation magnification conditions 
which show two signal light streams in drawing 7 which is all the combination that carries 
out propagation magnification. 
[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned object, this 
invention according to claim 1 Four optical circulators which are the optical circuits for an 
optical pass arrangement which have at least four extraneous light input/output port, and 
have said extraneous light input/output port, the input/output port connected, input port, 
and an output port, respectively, Four uni-directional optical amplification means to input 
the signal light from the output port of these optical circulators, respectively, and to 
amplify it, Let it be a summary to input the signal light outputted from these four 
uni-directional optical amplification means, respectively, and to have the optical control 
means which controls the output to the input port of said optical circulator of this signal 
light. 

[0016] Moreover, this invention according to claim 2 makes it a summary for an optical 
control means to consist of two light wave length multiplexing/demultiplexing circuits and 
two or more optical cross-connect ADODOROPPU switches in this invention according to 
claim 1. 

[0017] This invention according to claim 3 is set to this invention according to claim 2. 
Moreover, said optical cross-connect ADODOROPPU switch The transparency joint port 
selection optical switch which chooses two or more inputted lightwave signals suitably, 
and outputs them from said one near light wave length multiplexing/demultiplexing circuit, 
The output crossbar actuation optical switch which inputs the lightwave signal from this 
transparency joint port selection optical switch, and changes and outputs an output 
destination change port suitably, Let it be a summary to be constituted by the transparency 
joint port selection optical switch which chooses suitably the output destination change 
port where the lightwave signal from this output crossbar actuation optical switch is 
connected to said near light wave length multiplexing/demultiplexing circuit of another 
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side, and outputs it. 

[001 8] This invention according to claim 4 is set to this invention according to claim 2. 
Moreover, said optical cross-connect ADODOROPPU switch The output crossbar 
actuation optical switch which changes and outputs two or more inputted lightwave 
signals for an output destination change port suitably from said one near light wave length 
multiplexing/demultiplexing circuit, The transparency joint port selection optical switch • 
which chooses suitably two or more lightwave signals inputted from this output crossbar 
actuation optical switch, and outputs them, The transparency joint port selection optical 
switch which chooses an output destination change port and outputs suitably the lightwave 
signal inputted from this transparency joint port selection optical switch, Let it be a 
summary to be constituted by the output crossbar actuation optical switch which chooses 
suitably the output destination change port where the lightwave signal from this 
transparency joint port selection optical switch is connected to said near light wave length 
multiplexing/demultiplexing circuit of another side, and outputs it. 

[0019] The 1st thru/or the 4th optical circulator in which, as for this invention according to 
claim 5, each has the optical input/output port to which each of the 1 st thru/or 4th 
extraneous light input/output port is connected, optical input port, and an optical output 
port, The 1st four optical input/output port to which said the 1st thru/or each optical input 
port of the 4th optical circulator is connected corresponding to 1 to 1, and ~ this - with 1 
which has the 2nd four different optical input/output port from the 1st four optical 
input/output port, or two or more light wave length multiplexing/demultiplexing circuits 
Among the 2nd four optical input/output port of said light wave length 
multiplexing/demultiplexing circuit corresponding to 1 to 1 in the 1st thru/or each optical 
output port of the 4th optical circulator [ with each optical output port of said the 1st 
thru/or 4th optical circulator, and the 2nd four optical input/output port of said light wave 
length multiplexing/demultiplexing circuit ] Connect and it has 1st thru/or 4th four 
uni-directional optical amplification means to amplify and output the lightwave signal 
spread in the direction which goes to the 2nd four optical input/output port of said light 
wave length multiplexing/demultiplexing circuit from the 1st thru/or each optical output 
port of the 4th optical circulator. It has the 1st thru/or 4th optical input port and 1st thru/or 
4th optical output port. Signal light is made to penetrate between the 1st optical input port 
and the 2nd optical output port and between the 3rd optical input port and the 4th optical 
output port. And [ whether signal light is intercepted among all the optical input port and 
optical output ports between the 1 st optical input port and the 2nd optical output port and 
except between the 3rd optical input port and the 4th optical output port, and ] Or signal 
light is made to penetrate between the 1st optical input port and the 2nd optical output port 
and between the 4th optical input port and the 3rd optical output port. And [ whether 
signal light is intercepted among all the optical input port and optical output ports between 
the 1 st optical input port and the 2nd optical output port and except between the 4th 
optical input port and the 3rd optical output port, and ] Or signal light is made to penetrate 
between the 1st optical input port and the 4th optical output port and between the 3rd 
optical input port and the 2nd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 4th optical output port and except between the 3rd optical input port and the 2nd 
optical output port, and ] Or signal light is made to penetrate between the 1st optical input 
port and the 3rd optical output port and between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 1st optical input port and the 3rd optical output 
port and except between the 4th optical input port and the 2nd optical output port, and ] Or 
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signal light is made to penetrate between the 2nd optical input port and the 1 st optical 
output port and between the 3rd optical input port and the 4th optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 2nd optical input port and the 1st optical output port and except between 
the 3rd optical input port and the 4th optical output port, and ] Or signal light is made to 
penetrate between the 2nd optical input port and the 1st optical output port and between • 
the 4th optical input port and the 3rd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 2nd 
optical input port and the 1 st optical output port and except between the 4th optical input 
port and the 3rd optical output port, and ] Or signal light is made to penetrate between the 
2nd optical input port and the 3rd optical output port and between the 4th optical input 
port and the 1st optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 3rd 
optical output port and except between the 4th optical input port and the 1st optical output 
port, and ] Or signal light is made to penetrate between the 2nd optical input port and the 
4th optical output port and between the 3rd optical input port and the 1st optical output 
port. And between the 2nd optical input port and the 4th optical output port Whether signal 
light is intercepted among all the optical input port and optical output ports except 
between the 3rd optical input port and the 1st optical output port And switching circuit 
Sl-j for 4 input 4 output optical cross-connects selectable to arbitration (j= 1, 2, ~, N), Or 
it has the 1st thru/or 4th optical input port and the 1st thru/or the 4th optical output port. 
Signal light is made to penetrate between the 1st optical input port and the 2nd optical 
output port and between the 3rd optical input port and the 4th optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 1st optical input port and the 2nd optical output port and except between 
the 3rd optical input port and the 4th optical output port, and ] Or signal light is made to 
penetrate between the 1 st optical input port and the 2nd optical output port and between 
the 4th optical input port and the 3rd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 1st 
optical input port and the 2nd optical output port and except between the 4th optical input 
port and the 3rd optical output port, and ] Or signal light is made to penetrate between the 
1st optical input port and the 4th optical output port and between the 3rd optical input port 
and the 2nd optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 1st optical input port and the 4th 
optical output port and except between the 3rd optical input port and the 2nd optical 
output port, and ] Or signal light is made to penetrate between the 1st optical input port 
and the 3rd optical output port and between the 4th optical input port and the 2nd optical 
output port. And [ whether signal light is intercepted among all the optical input port and 
optical output ports between the 1st optical input port and the 3rd optical output port and 
except between the 4th optical input port and the 2nd optical output port, and ] Or signal 
light is made to penetrate between the 2nd optical input port and the 1st optical output port 
and between the 3rd optical input port and the 4th optical output port. And [ whether 
signal light is intercepted among all the optical input port and optical output ports between 
the 2nd optical input port and the 1st optical output port and except between the 3rd 
optical input port and the 4th optical output port, and ] Or signal light is made to penetrate 
between the 2nd optical input port and the 1st optical output port and between the 4th 
optical input port and the 3rd optical output port. And all optical input port between the 
2nd optical input port and the 1st optical output port and except between the 4th optical 
input port and the 3rd optical output port Intercept signal light between optical output 
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ports, or signal light is made to penetrate between the 2nd optical input port and the, 3rd 
optical output port and between the 4th optical input port and the 1st optical output port. 
And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 2nd optical input port and the 3rd optical output port and except 
between the 4th optical input port and the 1st optical output port, and ] pt signal light is 
made to penetrate between the 2nd optical input port and the 4th optical output port and 
between the 3rd optical input port and the 1st optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
2nd optical input port and the 4th optical output port and except between the 3rd optical 
input port and the 1st optical output port, and ] Or signal light is made to penetrate 
between the 1st optical input port and the 3rd optical output port and between the 2nd 
optical input port and the 4th optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 3rd optical output port and except between the 2nd optical input port and the 4th 
optical output port, and ] Or signal light is made to penetrate between the 1st optical input 
port and the 4th optical output port and between the 2nd optical input port and the 3rd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 1st optical input port and the 4th optical output 
port and except between the 2nd optical input port and the 3rd optical output port, and ] Or 
signal light is made to penetrate between the 3rd optical input port and the 1 st optical 
output port and between the 4th optical input port and the 2nd optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 3rd optical input port and the 1st optical output port and except between 
the 4th optical input port and the 2nd optical output port, and ] Or signal light is made to 
penetrate between the 4th optical input port and the 1st optical output port and between the 
3rd optical input port and the 2nd optical output port. And between the 4th optical input 
port and the 1st optical output port Whether signal light is intercepted among all the 
optical input port and optical output ports except between the 3rd optical input port and 
the 2nd optical output port And switch SP-j for 4 input 4 output optical cross-connects 
selectable to arbitration 0= 1, 2, --, N), Or it has the 1st thru/or 4th optical input port and 
1st thru/or 4th optical output port. Optical waveguide between the 1st optical input port 
and the 2nd optical output port and between the 3rd optical input port and the 4th optical 
output port An epilogue, Carry out termination of all the other optical input port and 
optical output ports, or optical waveguide between the 1st optical input port and the 2nd 
optical output port and between the 4th optical input port and the 3rd optical output port 
An epilogue, Carry out termination of all the other optical input port and optical output 
ports, or optical waveguide between the 1st optical input port and the 4th optical output 
port and between the 3rd optical input port and the 2nd optical output port An epilogue, 
Carry out termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1st optical input port and the 3rd optical output port and between 
the 4th optical input port and the 2nd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 1st optical output port and between 
the 3rd optical input port and the 4th optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 1st optical output port and between 
the 4th optical input port and the 3rd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 3rd optical output port and between 
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the 4th optical input port and the 1 st optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 4th optical output port and between 
the 3rd optical input port and the 1st optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1st optical input port and the 3rd optical output port and between 
the 2nd optical input port and the 4th optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1st optical input port and the 4th optical output port and between 
the 2nd optical input port and the 3rd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 3rd optical input port and the 4th optical output port and between 
the 4th optical input port and the 2nd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 4th optical input port and the 1st optical output port and between 
the 3rd optical input port and the 2nd optical output port An epilogue, It corresponds to the 
light wave length channel whose either of one 4 input 4 output optical circuit S3-j 0= 1, 2, 
— , N) of whether termination of all the other optical input port and optical output ports is 
carried out is the element of the set LO of a light wave length channel separately. It is 
arranged, respectively. Such switching circuit Sl-j for a total of N 4 input 4 output optical 
cross-connects, SP-j Or it is the optical circuit for an optical pass arrangement where it 
comes to connect two or more optical input/output port of said light wave long 
multiplexing/demultiplexing circuit corresponding to 1 to 1 with each of all the optical 
input port of 4 input 4 output optical circuit S3-j and optical output ports, these optical 
input port, and an optical output port, respectively. The optical input/output port of said 
light wave length multiplexing/demultiplexing circuit is the set about the light wave length 
multiplexing/demultiplexing to set LO[ of a light wave length channel ] = {lambdaj} (i= 1, 
2, --, N). And eight relatively prime sets A-l , A-2, A-3, A-4, A-5, A-6, A-7, and A-8 are 
formed. Except set A-l of the optical input/output port of the optical waveguide which 
connects the 1 st input/output port by the side of multiplexing which is the element of 
which the set A-l of the optical input/output port of a light wave length 
multiplexing/demultiplexing circuit, and the optical output port of the 1st uni-directional 
optical amplification means, and a light wave length multiplexing/demultiplexing circuit 
The optical waveguide which connects the 2nd input/output port by the side of 
multiplexing which is the element of the set A-2 of ******, and the optical output port of 
the 2nd uni-directional optical amplification means, The optical waveguide which 
connects the 3rd input/output port by the side of multiplexing which is the element of the 
set A-l of the optical input/output port of a light wave length multiplexing/demultiplexing 
circuit, and which the set A-3 of those other than A-2, and the optical output port of the 
3rd uni-directional optical amplification means, The optical waveguide which connects the 
4th input/output port by the side of multiplexing which is the element of which the set A-4 
of those other than the set A-l of the optical input/output port of a light wave length 
multiplexing/demultiplexing circuit, A-2, and A-3, and the optical output port of the 4th 
uni-directional optical amplification means, The optical waveguide which connects the 5th 
input/output port by the side of multiplexing which is the element of which the set A-5 of 
those other than the set A-l of the optical input/output port of a light wave length 
multiplexing/demultiplexing circuit, A-2, A-3, and A-4, and the optical input port of the 
1st optical circulator, The optical waveguide which connects the 6th input/output port by 
the side of multiplexing which is the element of which the set A-6 of those other than the 
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set A-l of the optical input/output port of a light wave length multiplexing/demultiplexing 
circuit, A-2, A-3, A-4, and A-5, and the optical input port of the 2nd optical circulator, The 
optical waveguide which connects the 7th input/output port by the side of multiplexing 
which is the element of which the set A-7 of those other than the set A-l of the optical 
input/output port of a light wave length multiplexing/demultiplexing circuit, A-2, A-3, A-4, 
A-5, and A-6, and the optical input port of the 3rd optical circulator, The optical 
waveguide which connects the 8th input/output port by the side of multiplexing which is 
the element of which the set A-8 of those other than the set A-l of the optical input/output 
port of a light wave length multiplexing/demultiplexing circuit, A-2, A-3, A-4, A-5, A-6, 
and A-7, and the optical input port of the 4th optical circulator, The optical waveguide 
which connects the optical input port of said 1 st uni-directional optical amplification 
means, and the optical output port of said 1st optical circulator, The optical waveguide 
which connects the optical input port of said 2nd uni-directional optical amplification 
means, and the optical output port of said 2nd optical circulator, The optical waveguide 
which connects the optical input port of said 3rd uni-directional optical amplification 
means, and the optical output port of said 3rd optical circulator, The optical waveguide 
which connects the optical input port of said 4th uni-directional optical amplification 
means, and the optical output port of said 4th optical circulator, Switching circuit Sl-i for 
optical cross-connects corresponding to element lambdai (i= 1, 2, — , N) of the set LO of a 
light wave length channel, The optical waveguide which connects altogether the 1st 
optical input/output port by the side of the spectral separation corresponding to 
wavelength channel lambdai of the set A-l about the wavelength 

multiplexing/demultiplexing of the 1st optical input port of either SP-i or optical circuit 
S3-i, and said light wave length multiplexing/demultiplexing circuit, respectively, The 
optical waveguide which connects altogether the 2nd optical input/output port by the side 
of the spectral separation corresponding to wavelength channel lambdai of the set A-2 
about the wavelength multiplexing/demultiplexing of the 2nd optical input port of either 
switching circuit Sl-i for optical cross-connects, SP-i or optical circuit S3-i, and said light 
wave length multiplexing/demultiplexing circuit, respectively, The optical waveguide 
which connects altogether the 3rd optical input/output port by the side of the spectral 
separation corresponding to wavelength channel lambdai of the set A-3 about the 
wavelength multiplexing/demultiplexing of the 3rd optical input port of either switching 
circuit Sl-i for optical cross-connects, SP-i or optical circuit S3-i, and said light wave 
length multiplexing/demultiplexing circuit, respectively, The optical waveguide which 
connects altogether the 4th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-4 about the wavelength 
multiplexing/demultiplexing of the 4th optical input port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, The optical waveguide which connects 
altogether the 5th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-5 about the wavelength 
multiplexing/demultiplexing of the 1st optical output port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, The optical waveguide which connects 
altogether the 6th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-6 about the wavelength 
multiplexing/demultiplexing of the 2nd optical output port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, The optical waveguide which connects 
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altogether the 7th optical input/output port by the side of the spectral separation » 
corresponding to wavelength channel lambdai of the set A-7 about the wavelength 
multiplexing/demultiplexing of the 3rd optical output port of either switching circuit Sl-i 
for optical cross-connects, SP-i or optical circuit S3-i, and said light wave length 
multiplexing/demultiplexing circuit, respectively, Switching circuit Sl-i for optical 
cross-connects, Let it be a summary to have the optical waveguide which connects 
altogether the 8th optical input/output port by the side of the spectral separation 
corresponding to wavelength channel lambdai of the set A-8 about the wavelength 
multiplexing/demultiplexing of the 4th optical output port of either SP-i or optical circuit 
S3-i, and said light wave length multiplexing/demultiplexing circuit, respectively. 
[0020] The 1st thru/or the 4th optical circulator by which each optical input port was 
connected to extraneous light input/output port I/O -1, and 2, 3 and 4, respectively if it was 
in this invention according to claim 5, It has four uni-directional optical amplification 
means, 1 or two or more light wave length multiplexing/demultiplexing circuits and the 
1st thru/or the 4th, and 12 kinds of optical propagation magnification conditions shown in 
extraneous light input/output port I/O -1, eight kinds of optical propagation magnification 
conditions shown in drawing 7 between 2, 3, and 4, and drawing 8 can be realized. 
[0021] Moreover, this invention of this invention according to claim 6 is set to this 
invention according to claim 5. Said switching circuit Sl-j for optical cross-connects is 
formed on 1 or two or more PLC substrates. It has the 1st, two 2nd optical input port and 
the 1st, and 2nd two optical output ports. Signal light is made to penetrate between the 1st 
optical input port and the 1st optical output port and between the 2nd optical input port 
and the 2nd optical output port. And [ whether signal light is intercepted among all the 
optical input/output port between the 1st optical input port and the 1st optical output port 
and except between the 2nd optical input port and the 2nd optical output port, and ] Or 
signal light is made to penetrate between the 1st optical input port and the 2nd optical 
output port and between the 2nd optical input port and the 1st optical output port. And 2x2 
cross-bar actuation optical switch circuit CS-k which can choose as arbitration whether 
signal light is intercepted among all the optical input/output port between the 1st optical 
input port and the 2nd optical output port and except between the 2nd optical input port 
and the 1st optical output port (k= 1), Each is equipped with the 1st and 2nd spectral 
separation side [ two ] light input/output port and multiplexing side [ one ] light 
input/output port. Signal light is made to penetrate between the 1st spectral separation side 
light input/output port and the 1st multiplexing side light input/output port. And [ whether 
signal light is intercepted among all the optical input/output port except between the 1st 
spectral separation side light input/output port and the 1st multiplexing side light 
input/output port, and ] Or signal light is made to penetrate between the 2nd spectral 
separation side light input/output port and the 1st multiplexing side light input/output port. 
And the 1st thru/or 4th four 2x1 transparency joint port selection optical switch circuit 
SS-i (i= 1, 2, 3, 4) which can choose as arbitration whether signal light is intercepted 
among all the optical input/output port except between the 2nd spectral separation side, 
light input/output port and the 1st multiplexing side light input/output port, The optical 
waveguide which connects the 1st optical input port of switching circuit Sl-j for optical 
cross-connects, and which 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-1, The optical waveguide which 
connects the 2nd optical input port of switching circuit Sl-j for optical cross-connects, and 
said 2nd spectral separation side light input/output port of 2x1 transparency joint port 
selection optical switch circuit SS-1, The optical waveguide which connects the 3rd 
optical input port of switching circuit Sl-j for optical cross-connects, and which [ except 
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said 2x1 transparency joint port selection optical switch circuit SS-1 ] 2nd spectral' 
separation side light input/output port of 2x1 transparency joint port selection optical 
switch circuit SS-2, The optical waveguide which connects the 4th optical input port of 
switching circuit Sl-j for optical cross-connects, and said 1st spectral separation side light 
input/output port of 2x1 transparency joint port selection optical switch circuit SS-2, The 
optical waveguide which connects which [ except the 1st optical output port of switching 
circuit Sl-j for optical cross-connects, said 2x1 transparency joint port selection optical 
switch circuit SS-1, and SS-2 ] 2nd spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-3, The optical waveguide which 
connects the 2nd optical output port of switching circuit Sl-j for optical cross-connects, 
and said 1st spectral separation side light input/output port of 2x1 transparency joint port 
selection optical switch circuit SS-3, Which [ except the 3rd optical output port of 
switching circuit Sl-j for optical cross-connects, said 2x1 transparency joint port selection 
optical switch circuit SS-1, SS-2, and SS-2 ] 1st spectral separation side light input/output 
port of 2x1 transparency joint port selection optical switch circuit SS-4 The optical 
waveguide which connects the optical waveguide to connect, and the 4th optical output 
port of switching circuit Sl-j for optical cross-connects and said 2nd spectral separation 
side light input/output port of 2x1 transparency joint port selection optical switch circuit 
SS-4, The optical waveguide which connects said 1st multiplexing side light input/output 
port of 2x1 transparency joint port selection optical switch circuit SS-1, and said 1st 
optical input/output port of 2x2 cross-bar actuation optical switch circuit CS-1, The optical 
waveguide which connects said 1st multiplexing side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-2, and said 2nd optical input 
port of 2x2 cross-bar actuation optical switch circuit CS-1, The optical waveguide which 
connects said 1st multiplexing side optical output port of 2x1 transparency joint port 
selection optical switch circuit SS-3, and said 1st optical output port of 2x2 cross-bar 
actuation optical switch circuit CS-1, Let it be a summary to have the optical waveguide 
which connects said 1st multiplexing side light input/output port of 2x1 transparency joint 
port selection optical switch circuit SS-4, and said 2nd optical output port of 2x2 cross-bar 
actuation optical switch circuit CS-1. 

[0022] If it is in this invention according to claim 6, in switching circuit Sl-j for optical 
cross-connects Signal light is made to penetrate between the 1st optical input port and the 
2nd optical output port and between the 3rd optical input port and the 4th optical output 
port. And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 1st optical input port and the 2nd optical output port and except 
between the 3rd optical input port and the 4th optical output port, and ] Or signal light is 
made to penetrate between the 1 st optical input port and the 2nd optical output port and 
between the 4th optical input port and the 3rd optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1st optical input port and the 2nd optical output port and except between the 4th optical 
input port and the 3rd optical output port, and ] Or signal light is made to penetrate 
between the 1st optical input port and the 4th optical output port and between the 3rd 
optical input port and the 2nd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1 st optical input port 
and the 4th optical output port and except between the 3rd optical input port and the 2nd 
optical output port, and ] Or signal light is made to penetrate between the 1st optical input 
port and the 3rd optical output port and between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 1st optical input port and the 3rd optical output 
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port and except between the 4th optical input port and the 2nd optical output port, dnd ] Or 
signal light is made to penetrate between the 2nd optical input port and the 1st optical 
output port and between the 3rd optical input port and the 4th optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 2nd optical input port and the 1st optical output port and except between 
the 3rd optical input port and the 4th optical output port, and ] Or signal light is made to • 
penetrate between the 2nd optical input port and the 1st optical output port and between 
the 4th optical input port and the 3rd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 2nd 
optical input port and the 1st optical output port and except between the 4th optical input 
port and the 3rd optical output port, and ] Or signal light is made to penetrate between the 
2nd optical input port and the 3rd optical output port and between the 4th optical input 
port and the 1st optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 3rd 
optical output port and except between the 4th optical input port and the 1st optical output 
port, and ] Or signal light is made to penetrate between the 2nd optical input port and the 
4th optical output port and between the 3rd optical input port and the 1 st optical output 
port. And it can choose as arbitration whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 4th 
optical output port and except between the 3rd optical input port and the 1st optical output 
port. 

[0023] This invention according to claim 7 is set to this invention according to claim 5. 
Furthermore, said switch SP-j for optical cross-connects It is created on 1 or two or more 
PLC substrates, and each is equipped with the 1st, two 2nd optical input port and the 1st, 
and 2nd two optical output ports. Signal light is made to penetrate between the 1st optical 
input port and the 1st optical output port and between the 2nd optical input port and the 
2nd optical output port. And [ whether signal light is intercepted among all the optical 
input/output port between the 1st optical input port and the 1st optical output port and 
except between the 2nd optical input port and the 2nd optical output port, and ] Or signal 
light is made to penetrate between the 1 st optical input port and the 2nd optical output port 
and between the 2nd optical input port and the 1st optical output port. And between the 1st 
optical input port and the 2nd optical output port And the 1st thru/or 4th four 2x2 cross-bar 
actuation optical switch circuit CS-k (k= 1, 2, 3, 4) which can choose as arbitration 
whether signal light is intercepted among all the optical input/output port except between 
the 2nd optical input port and the 1st optical output port, Each is equipped with the 1st and 
2nd spectral separation side [ two ] light input/output port and multiplexing side [ one ] 
light input/output port. Signal light is made to penetrate between the 1st spectral 
separation side light input/output port and the 1st multiplexing side light input/output port. 
And [ whether signal light is intercepted among all the optical input/output port except 
between the 1st spectral separation side light input/output port and the 1st multiplexing 
side light input/output port, and ] Or signal light is made to penetrate between the 2nd 
spectral separation side light input/output port and the 1st multiplexing side light 
input/output port. And the 1st thru/or 4th four 2x1 transparency joint port selection optical 
switch circuit SS-i (i= 1, 2, 3, 4) which can choose as arbitration whether signal light is 
intercepted among all the optical input/output port except between the 2nd spectral 
separation side light input/output port and the 1st multiplexing side light input/output port, 
The optical waveguide which connects the 1st optical input port of switch SP-j for optical 
cross-connects, and which 2nd optical input port of 2x2 cross-bar actuation optical switch 
circuit CS-1, The optical waveguide which connects the 2nd optical input port of switch 
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SP-j for optical cross-connects, and said 1st optical input port of 2x2 cross-bar actuation 
optical switch circuit CS-1, The optical waveguide which connects the 3rd optical input 
port of switch SP-j for optical cross-connects, and which 1st optical input port of 2x2 
cross-bar actuation optical switch circuit CS-2 except said .2x2 cross-bar actuation optical 
switch circuit CS-1, The optical waveguide which connects the 4th optical input port of 
switch SP-j for optical cross-connects, and said 2nd optical input port of 2x2 cross-bar 
actuation optical switch circuit CS-2, The optical waveguide which connects the 1st 
optical output port of switch SP-j for optical cross-connects, and which 2nd optical output 
port of 2x2 cross-bar actuation optical switch circuit CS-3 except 2x2 cross-bar actuation 
optical switch circuit CS-1 and CS-2, The optical waveguide which connects the 2nd 
optical output port of switch SP-j for optical cross-connects, and the 1st optical output port 
of 2x2 cross-bar actuation optical switch circuit CS-3, The optical waveguide which 
connects the 3rd optical output port of switch SP-j for optical cross-connects, and which 
1st optical output port of 2x2 cross-bar actuation optical switch circuit CS-4 except 2x2 
cross-bar actuation optical switch circuit CS-1, CS-2, and CS-3, The optical waveguide 
which connects the 4th optical output port of switch SP-j for optical cross-connects, and 
the 2nd optical output port of 2x2 cross-bar actuation optical switch circuit CS-4, The 
optical waveguide which connects the 1 st optical output port of 2x2 cross-bar actuation 
optical switch circuit CS-1, and which 2nd spectral separation side light input/output port 
of 2x1 transparency joint port selection optical switch circuit SS-1, The optical waveguide 
which connects the 1st optical output port of 2x2 cross-bar actuation optical switch circuit 
CS-2, and said 1st spectral separation side light input/output port of 2x1 transparency joint 
port selection optical switch circuit SS-1, The optical waveguide which connects the 2nd 
optical output port of 2x2 cross-bar actuation optical switch circuit CS-2, and which 
[ except 2x1 transparency joint port selection optical switch circuit SS-1 ] 1st spectral 
separation side light input/output port of 2x1 transparency joint port selection optical 
switch circuit SS-2, The optical waveguide which connects the 2nd optical output port of 
2x2 cross-bar actuation optical switch circuit CS-1, and said 2nd spectral separation side 
light input/output port of 2x1 transparency joint port selection optical switch circuit SS-2, 
The optical waveguide which connects the 1st optical input port of 2x2 cross-bar actuation 
optical switch circuit CS-3, and which [ except SS-2 ] 2x1 transparency joint port 
selection optical switch circuit SS-1 and 1st [ of 2x1 transparency joint port selection 
optical switch circuit SS-3 ] spectral separation side light input/output port, The optical 
waveguide which connects the 1st optical input port of 2x2 cross-bar actuation optical 
switch circuit CS-4, and the 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-3, The optical waveguide which 
connects the 2nd optical input port of 2x2 cross-bar actuation optical switch circuit CS-4, 
and which [ except SS-3 ] 2x1 transparency joint port selection optical switch circuit SS-1, 
SS-2, and 2nd [ of 2x1 transparency joint port selection optical switch circuit SS-4 ] 
spectral separation side light input/output port, The optical waveguide which connects the 
2nd optical input port of 2x2 cross-bar actuation optical switch circuit CS-3, and the 1st 
spectral separation side light input/output port of 2x1 transparency joint port selection 
optical switch circuit SS-4, The optical waveguide which connects the 1st multiplexing 
side light input/output port of 2x1 transparency joint port selection optical switch circuit 
SS-1, and the 1st multiplexing side light input/output port of 2x1 transparency joint port 
selection optical switch circuit SS-3, Let it be a summary to have the optical waveguide 
which connects the 1st multiplexing side light input/output port of 2x1 transparency joint 
port selection optical switch circuit SS-2, and the 1st multiplexing side light input/output 
port of 2x1 transparency joint port selection optical switch circuit SS-4. 
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[0024] If it is in this invention according to claim 7, in switch SP-j for optical 
cross-connects Signal light is made to penetrate between the 1st optical input port and the 
2nd optical output port and between the 3rd optical input port and the 4th optical output 
port. And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 1st optical input port and the 2nd optical output port and except 
between the 3rd optical input port and the 4th optical output port, and ] Or signal light is 
made to penetrate between the 1st optical input port and the 2nd optical output port and 
between the 4th optical input port and the 3rd optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1st optical input port and the 2nd optical output port and except between the 4th optical 
input port and the 3rd optical output port, and ] Or signal light is made to penetrate 
between the 1st optical input port and the 4th optical output port and between the 3rd 
optical input port and the 2nd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 4th optical output port and except between the 3rd optical input port and the 2nd 
optical output port, and ] Or signal light is made to penetrate between the 1st optical input 
port and the 3rd optical output port and between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 1st optical input port and the 3rd optical output 
port and except between the 4th optical input port and the 2nd optical output port, and ] Or 
signal light is made to penetrate between the 2nd optical input port and the 1st optical 
output port and between the 3rd optical input port and the 4th optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 2nd optical input port and the 1st optical output port and except between 
the 3rd optical input port and the 4th optical output port, and ] Or signal light is made to 
penetrate between the 2nd optical input port and the 1st optical output port and between 
the 4th optical input port and the 3rd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 2nd 
optical input port and the 1st optical output port and except between the 4th optical input 
port and the 3rd optical output port, and ] Or signal light is made to penetrate between the 
2nd optical input port and the 3rd optical output port and between the 4th optical input 
port and the 1st optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 3rd 
optical output port and except between the 4th optical input port and the 1st optical output 
port, and ] Or signal light is made to penetrate between the 2nd optical input port and the 
4th optical output port and between the 3rd optical input port and the 1st optical output 
port. And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 2nd optical input port and the 4th optical output port and except 
between the 3rd optical input port and the 1st optical output port, and ] Or signal light is 
made to penetrate between the 1st optical input port and the 3rd optical output port and 
between the 2nd optical input port and the 4th optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1st optical input port and the 3rd optical output port and except between the 2nd optical 
input port and the 4th optical output port, and ] Or signal light is made to penetrate 
between the 1st optical input port and the 4th optical output port and between the 2nd 
optical input port and the 3rd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1 st optical input port 
and the 4th optical output port and except between the 2nd optical input port and the 3rd 
optical output port, and ] Or signal light is made to penetrate between the 3rd optical input 
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port and the 1st optical output port ancl between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 3rd optical input port and the 1st optical output 
port and except between the 4th optical input port and the 2nd optical output port, and ] Or 
signal light is made to penetrate between the 4th optical input port and Ifhe 1st optical 
output port and between the 3rd optical input port and the 2nd optical output port. And it 
can choose as arbitration whether signal light is intercepted among all the optical input 
port and optical output ports between the 4th optical input port and the 1st optical output 
port and except between the 3rd optical input port and the 2nd optical output port. 
[0025] This invention according to claim 8 makes it a summary for said 2x2 cross-bar 
actuation optical switch circuit CS-i to consist of a Mach TSUENDA mold flat-surface 
waveguide light TO switching circuit, a double-gate Mach TSUENDA mold flat-surface 
waveguide light TO switching circuit, a Mach TSUENDA mold flat-surface waveguide 
light LN switching circuit, a double-gate Mach TSUENDA mold flat-surface waveguide 
light LN switching circuit, or a semi-conductor light amplifier (SOA) mold 2x2 
optical-switch circuit in this invention according to claim 6 or 7. 

[0026] If it is in this invention according to claim 8', 2x2 cross-bar actuation optical switch 
circuit CS-i consists of a Mach TSUENDA mold flat-surface waveguide light TO 
switching circuit, a double-gate Mach TSUENDA mold flat-surface waveguide light TO 
switching circuit, a Mach TSUENDA mold flat-surface waveguide light LN switching 
circuit, a double-gate Mach TSUENDA mold flat-surface waveguide light LN switching 
circuit, or a semi-conductor light amplifier (SOA) mold 2x2 optical-switch circuit. 
[0027] Moreover, this invention according to claim 9 is set to this invention according to 
claim 6 or 7. Said 2x1 transparency joint port selection optical switch circuit SS-i The 
inside of four optical input/output port of a Mach TSUENDA mold flat-surface waveguide 
light TO switching circuit, The inside of four optical input/output port of the thing realized 
using any three optical input/output port, or a double-gate Mach TSUENDA mold 
flat-surface waveguide light TO switching circuit, What was realized using any three 
optical input/output port, Or the inside of the optical waveguide which connects between 
the optical input/output port of the four Mach TSUENDA mold flat-surface waveguide 
light TO switching circuit section in the configuration of a double-gate Mach TSUENDA 
mold flat-surface waveguide light TO switching circuit, and these four Mach TSUENDA 
mold flat-surface waveguide light TO switching circuit section, The 2x1 transparency joint 
port selection optical switch circuit which consists of only optical waveguides which 
connect between the optical input/output port of the three Mach [ any ] TSUENDA mold 
flat-surface waveguide light TO switching circuit section and these three Mach 
TSUENDA mold flat-surface waveguide light TO switching circuit section, Or the inside 
of four optical input/output port of a Mach TSUENDA mold flat-surface waveguide light 
LN switching circuit, The inside of four optical input/output port of the thing realized 
using any three optical input/output port, or a double-gate Mach TSUENDA mold 
flat-surface waveguide light LN switching circuit, What was realized using any three , 
optical input/output port, Or the inside of the optical waveguide which connects between 
the optical input/output port of the four Mach TSUENDA mold flat-surface waveguide 
light LN switching circuit section in the configuration of a double-gate Mach TSUENDA 
mold flat-surface waveguide light LN switching circuit, and these four Mach TSUENDA 
mold flat-surface waveguide light LN switching circuit section, Let it be a summary to 
consist of 2x1 transparency joint port selection optical switch circuits which consist of 
only optical waveguides which connect between the optical input/output port of the three 
Mach [ any ] TSUENDA mold flat-surface waveguide light LN switching circuit section 
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and these three Mach TSUENDA mold flat-surface waveguide light LN switching circuit 
section. 

[0028] If it is in this invention according to claim 9, 2x1 transparency joint port selection 
optical switch circuit SS-i The inside of four optical input/output port of a Mach 
TSUENDA mold flat-surface waveguide light TO switching circuit, The inside of four 
optical input/output port of the thing realized using any three optical input/output port, or a 
double-gate Mach TSUENDA mold flat-surface waveguide light TO switching circuit, 
What was realized using any three optical input/output port, Or the inside of the optical 
waveguide which connects between the optical input/output port of the four Mach 
TSUENDA mold flat-surface waveguide light TO switching circuit section in the 
configuration of a double-gate Mach TSUENDA mold flat-surface waveguide light TO 
switching circuit, and these four Mach TSUENDA mold flat-surface waveguide light TO 
switching circuit section, The 2x1 transparency joint port selection optical switch circuit 
which consists of only optical waveguides which connect between the optical input/output 
port of the three Mach [ any ] TSUENDA mold flat-surface waveguide light TO switching 
circuit section and these three Mach TSUENDA mold flat-surface waveguide light TO 
switching circuit section, Or the inside of four optical input/output port of a Mach 
TSUENDA mold flat-surface waveguide light LN switching circuit, The inside of four 
optical input/output port of the thing realized using any three optical input/output port, or a 
double-gate Mach TSUENDA mold flat-surface waveguide light LN switching circuit, 
What was realized using any three optical input/output port, Or the inside of the optical 
waveguide which connects between the optical input/output port of the four Mach 
TSUENDA mold flat-surface waveguide light LN switching circuit section in the 
configuration of a double-gate Mach TSUENDA mold flat-surface waveguide light LN 
switching circuit, and these four Mach TSUENDA mold flat-surface waveguide light LN 
switching circuit section, It consists of 2x1 transparency joint port selection optical switch 
circuits which consist of only optical waveguides which connect between the optical 
input/output port of the three Mach [ any ] TSUENDA mold flat-surface waveguide light 
LN switching circuit section and these three Mach TSUENDA mold flat-surface 
waveguide light LN switching circuit section. 

[0029] Furthermore, this invention according to claim 10 is set to this invention according 
to claim 6. All configuration optical circuits are created for said switching circuit Sl-j for 
optical cross-connects on one PLC substrate flat surface. It sees from a substrate top face. 
Clockwise The 2nd optical output port of switching circuit Sl-j for optical cross-connects, 
The 1st optical output port, the 3rd optical output port, the 4th optical output port, the 4th 
optical input port, It is arranged so that each optical input and output port may adjoin each 
other in order of the 3rd optical input port, the 1st optical input port, and the 2nd optical 
input port. The optical input/output port of 2x2 cross-bar actuation optical switch circuit 
CS-k (k= 1) sees from a substrate top face. Clockwise The 2nd optical input port, the 1st 
optical input port, the 1st optical output port, Are arranged so that each other may be 
adjoined in order of the 2nd optical output port, and the optical input/output port of four 
2x1 transparency joint port selection optical switch circuit SS-i (i= 1, 2, 3, 4) sees from a 
substrate top face. Clockwise The 1st spectral separation side light input/output port, the 
2nd spectral separation side light input/output port, By being arranged so that each other 
may be adjoined in order of the 1st multiplexing side light input/output port, and giving 
moderately spacing of each 2x2 cross-bar actuation optical switch circuit and a 2x1 
transparency joint port selection optical switch circuit further Let it be a summary to be 
the arrangement which neither of the optical waveguides which connects between the 
optical input port of each 2x2 cross-bar actuation optical switch circuit and a 2x1 
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transparency joint pbrt selection optical switch circuit and an optical output port intersects. 
[0030] If it is in this invention according to claim 10, as for switching circuit Sl-j for 
optical cross-connects, all configuration optical circuits are created on one PLC substrate 
flat surface. It sees from a substrate top face. Clockwise The 2nd optical output port of 
switching circuit Sl-j for optical cross-connects, The 1st optical output, port, the 3rd 
optical output port, the 4th optical output port, the 4th optical input port, It is arranged so 
that each optical input and output port may adjoin each other in order of the 3rd optical 
input port, the 1 st optical input port, and the 2nd optical input port. The optical 
input/output port of 2x2 cross-bar actuation optical switch circuit CS-k (k= 1) sees from a 
substrate top face. Clockwise The 2nd optical input port, the 1st optical input port, the 1st 
optical output port, Are arranged so that each other may be adjoined in order of the 2nd 
optical output port* and the optical input/output port of four 2x1 transparency joint port 
selection optical switch circuit SS-i (i= 1, 2, 3; 4) sees from a substrate top face. 
Clockwise The 1st spectral separation side light input/output port, the 2nd spectral 
separation side light input/output port, By being arranged so that each other may be 
adjoined in order of the 1 st multiplexing side light input/output port, and giving 
moderately spacing of each 2x2 cross-bar actuation optical switch circuit and a 2x1 
transparency joint port selection optical switch circuit further It is the arrangement which 
neither of the optical waveguides which connects between the optical input port of each 
2x2 cross-bar actuation optical switch circuit and a 2x1 transparency joint port selection 
optical switch circuit and an optical output port intersects. 

[0031] This invention according to claim 1 1 is set to this invention according to claim 7. 
Switch SP-j for cross connect All configuration optical circuits are created on one PLC 
substrate flat surface, and it sees from a substrate top face. Clockwise The 2nd optical 
output port of switch SP-j for optical cross-connects, The 1st optical output port, the 3rd 
optical output port, the 4th optical output port, the 4th optical input port, It is arranged so 
that each optical input and output port may adjoin each other in order of the 3rd optical 
input port, the 1 st optical input port, and the 2nd optical input port. The optical 
input/output port of four 2x2 cross-bar actuation optical switch circuit CS-k (k= 1, 2, 3, 4) 
sees from a substrate top face. Clockwise The 2nd optical input port, the 1st optical input 
port, the 1st optical output port, Are arranged so that each other may be adjoined in order 
of the 2nd optical output port, and the optical input/output port of four 2x1 transparency 
joint port selection optical switch circuit SS-i (i= 1, 2, 3, 4) sees from a substrate top face. 
Clockwise The 1st spectral separation side light input/output port, the 2nd spectral 
separation side light input/output port, By being arranged so that each other may be 
adjoined in order of the 1 st multiplexing side light input/output port, and giving 
moderately spacing of each 2x2 cross-bar actuation optical switch circuit further In which 
optical waveguide which connects between the optical input port of each 2x2 cross-bar 
actuation optical switch circuit, and an optical output port Between the 2nd optical output 
port of 2x2 cross-bar actuation optical switch circuit CS-1, and the 2nd spectral separation 
side light input/output port of 2x1 transparency joint port selection optical switch circuit 
SS-2, The optical waveguide which connects between the 1st optical output port of 2x2 
cross-bar actuation optical switch circuit CS-2, and the 1st spectral separation side light 
input/output port of 2x1 transparency joint port selection optical switch circuit SS-1, 
respectively, Between the 2nd optical input port of 2x2 cross-bar actuation optical switch 
circuit CS-3, and the 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-4, and the 1st optical input port 
of 2x2 cross-bar actuation optical switch circuit CS-4 2 sets with the optical waveguide 
which connects between the 2nd spectral separation side light input/output port of 2x1 
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transparency joint port selection optical switch circuit SS-3, respectively, respectively 
Every one place, Only a total of two places cross and let it be a summary to be 
arrangement without the crossover of the optical waveguide which connects between the 
other optical input port and an optical output port. 

[0032] If it is in this invention according to claim 1 1, as for switch SP-j for cross connect, 
all configuration optical circuits are created on one PLC substrate flat surface. It sees from 
a substrate top face. Clockwise The 2nd optical output port of switch SP-j for optical 
cross-connects, The 1st optical output port, the 3rd optical output port, the 4th optical 
output port, the 4th optical input port, It is arranged so that each optical input and output 
port may adjoin each other in order of the 3rd optical input port, the 1st optical input port, 
and the 2nd optical input port. The optical input/output port of four 2x2 cross-bar 
actuation optical switch circuit CS-k (k= 1, 2, 3, 4) sees from a substrate top face. 
Clockwise The 2nd optical input port, the 1st optical input port, the 1st optical output port, 
Are arranged so that each other may be adjoined in order of the 2nd optical output port, 
and the optical input/output port of four 2x1 transparency joint port selection optical 
switch circuit SS-i (i= 1, 2, 3, 4) sees from a substrate top face. Clockwise The 1st spectral 
separation side light input/output port, the 2nd spectral separation side light input/output 
port, By being arranged so that each other may be adjoined in order of the 1st multiplexing 
side light input/output port, and giving moderately spacing of each 2x2 cross-bar actuation 
optical switch circuit farther In which optical waveguide which connects between the 
optical input port of each 2x2 cross-bar actuation optical switch circuit, and an optical 
output port Between the 2nd optical output port of 2x2 cross-bar actuation optical switch 
circuit CS-1, and the 2nd spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-2, The optical waveguide which 
connects between the 1st optical output port of 2x2 cross-bar actuation optical switch 
circuit CS-2, and the 1st spectral separation side light input/output port of 2x1 
transparency joint port selection optical switch circuit SS-1, respectively, Between the 2nd 
optical input port of 2x2 cross-bar actuation optical switch circuit CS-3, and the 1st 
spectral separation side light input/output port of 2x1 transparency joint port selection 
optical switch circuit SS-4, and the 1st optical input port of 2x2 cross-bar actuation optical 
switch circuit CS-4 Only a total of two places cross one place at a time, respectively, and 2 
sets with the optical waveguide which connects between the 2nd spectral separation side 
light input/output port of 2x1 transparency joint port selection optical switch circuit SS-3, 
respectively have become arrangement without the crossover of the optical waveguide 
which connects between the other optical input port and an optical output port. 
[0033] Moreover, this invention according to claim 12 makes it a summary for said light 
wave length multiplexing/demultiplexing circuit to be an array waveguide mold light 
wave length multi/demulitiplexer (AWG:arrayed- waveguide grating) in this invention 
according to claim 5. 

[0034] If it is in this invention according to claim 12, a light wave length 
multiplexing/demultiplexing circuit is an array waveguide mold light wave length 
multi/demulitiplexer. 

[0035] Furthermore, this invention according to claim 13 is set to this invention according 
to claim 5. One array waveguide flat- surface optical circuit WM-1 with all the waveguides 
for optical I/O that do not cross mutually [ form the set A-l about wavelength 
multiplexing/demultiplexing, A-2, A-3, and A-4, and ], One array waveguide flat-surface 
optical circuit WM-2 with all the waveguides for optical I/O that do not cross mutually 
[ form the set A-5 about wavelength multiplexing/demultiplexing, A-6, A-7, and A-8, and ], 
Switching circuit Sl-j for 4 input 4 output optical cross-connects and SP-j by which it is 
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arranged according tb an individual respectively corresponding to each wavelength 
channel, and those either is arranged for every wavelength channel, and optical circuit S3-j, 
Optical input/output port and switching circuit Sl-j for 4 input 4 output optical 
cross-connects of said array waveguide flat-surface optical, circuit WM-1 and WM-2, In 
the light wave length multiplexing/demultiplexing circuit and the switching circuit section 
for optical cross-connects which consist of optical waveguides which connect the ports 
corresponding to each of the optical input port of SP-j and optical circuit S3-j (j= 1, 2, 
N), and an optical output port The optical input/output port corresponding to wavelength 
channel lambdai of arbitration by which [ a clockwise rotation or / counter clockwise ] the 
surroundings by the optical I/O waveguide by the side of spectral separation of said the set 
of array waveguide flat-surface optical circuit WM-1 of each The 2nd, the 1st, the 3rd, the 
4th spectral separation side light input/output port It has stood in a line in order of 
(A-I/O-d-2-i, A-I/O-d-l-i, A-I/O-d-3-i, A-I/O-d-4-i). and between the optical input/output 
port located in a line with such sequence The ** into which the optical input/output port 
by the side of the spectral separation from which the optical input/output port and the 
corresponding wavelength channel by the side of all other multiplexing differ does not 
enter, Optical input/output port has accomplished the ensemble respectively in location for 
every corresponding wavelength channel. The optical input/output port corresponding to 
wavelength channel lambdai of arbitration sets to said array waveguide flat-surface optical 
circuit WM-1 by the optical I/O waveguide by the side of spectral separation of said the 
set of array waveguide flat-surface optical circuit WM-2 of each. The surroundings from 
which optical input/output port serves as sequence of the 2nd, 1 st, 3rd, and 4th spectral 
separation side light input/output port (A-I/O-d-2-i, A-I/O-d-l-i, A-I/O-d-3-i, A-I/O-d-4-i) 
to the circumference of reverse The 6th, the 5th, the 7th, the 8th spectral separation side 
light input/output port It has stood in a line in order of (A-I/O-d-6-i, A-I/O-d-5-i, 
A-I/O-d-7-i, A-I/O-d-8-i). and between the optical input/output port located in a line with 
such sequence The ** into which the optical input/output port by the side of the spectral 
separation from which the optical input/output port and the corresponding wavelength 
channel by the side of all other multiplexing differ does not enter, Optical input/output 
port has accomplished the ensemble respectively in location for every corresponding 
wavelength channel. Furthermore, it is related with the wavelength channel to which the 
ensembles of the optical input/output port for every wavelength channel by the side of 
spectral separation correspond. The sequence of the list about the wavelength channel to 
which the ensembles of the optical input/output port for every wavelength channel by the 
side of the sequence of ****** and said spectral separation of array waveguide 
flat-surface optical circuit WM-1 correspond is the sequence mutually same at the 
circumference of reverse. Furthermore, each switching circuit Sl-j for 4 input 4 output 
optical cross-connects, SP-j, And it is related with the wavelength channel to which the 
ensembles of the optical output port of optical circuit S3-j (j= 1, 2, --, N) correspond. The 
sequence of the list about the wavelength channel to which the ensembles of the optical 
input/output port for every wavelength channel by the side of the sequence of ****** and 
said spectral separation of array waveguide flat-surface optical circuit WM-1 correspond 
is the same sequence by the mutually same surroundings. And each switching circuit Sl-j 
for 4 input 4 output optical cross-connects, SP-j, And it is related with the wavelength 
channel to which the ensembles of the optical output port of optical circuit S3-j Q=\,2, --, 
N) correspond. When the sequence of the list about the wavelength channel to which the 
ensembles of the optical input/output port for every wavelength channel by the side of the 
sequence of ****** and said spectral separation of array waveguide flat-surface optical 
circuit WM-1 correspond is the sequence mutually same at the circumference of reverse 
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On the same flat surface, array waveguide flat-surface optical circuit WM-1, WM-2 and 
switching circuit SI for 4 input 4 output optical cross-connects-j, It is the arrangement and 
the configuration of a circuit in which one does not have what crosses mutually by the 
optical waveguides which connect SP-j and optical circuit S3-j (j= 1, 2, — , N). Array 
waveguide flat-surface optical circuit WM-1, WM-2 and switching circuit Sl-j for 4 input 
4 output optical cross-connects, SP-j, and optical circuit S3-j (j= 1, 2, — , N), Array 
waveguide flat-surface optical circuit WM-1, WM-2, and switching circuit Sl-j for 4 input 
4 output optical cross-connects, [ whether the optical waveguide which connects between 
SP-j and optical circuit S3-j (j= 1, 2, — , N), respectively is created on the same flat-surface 
substrate, and ] Or each optical input/output port is combined in the form which compares 
and carries out the flat-surface circuit board of the light wave length 
multiplexing/demultiplexing section and the flat- surface circuit board of the switching 
circuit for optical cross-connects by which the individual exception was created, and let it 
be a summary to form one plane optical circuit. 

[0036] One array waveguide flat-surface optical circuit WM-1 with all the waveguides for 
optical I/O that do not cross mutually [ if it is in this invention according to claim 13 / 
form the set A-l about wavelength multiplexing/demultiplexing, A-2, A-3, and A-4, and ], 
One array waveguide flat-surface optical circuit WM-2 with all the waveguides for optical 
I/O that do not cross mutually [ form the set A-5 about wavelength 

multiplexing/demultiplexing, A-6, A-7, and A-8, and ], Switching circuit Sl-j for 4 input 4 
output optical cross-connects and SP-j by which it is arranged according to an individual 
respectively corresponding to each wavelength channel, and those either is arranged for 
every wavelength channel, and optical circuit S3-j, Optical input/output port and switching 
circuit Sl-j for 4 input 4 output optical cross-connects of said array waveguide flat-surface 
optical circuit WM-1 and WM-2, In the light wave length multiplexing/demultiplexing 
circuit and the switching circuit section for optical cross-connects which consist of optical 
waveguides which connect the ports corresponding to each of the optical input port of SP-j 
and optical circuit S3-j Q=l,2 9 --, N), and an optical output port The optical input/output 
port corresponding to wavelength channel lambdai of arbitration by which [ a clockwise 
rotation or / counter clockwise ] the surroundings by the optical I/O waveguide by the side 
of spectral separation of said the set of array waveguide flat- surface optical circuit WM-1 
of each The 2nd, the 1st, the 3rd, the 4th spectral separation side light input/output port It 
has stood in a line in order of (A-I/O-d-2-i, A-I/O-d-l-i, A-I/O-d-3-i, A-I/O-d-4-i). and 
between the optical input/output port located in a line with such sequence The ** into 
which the optical input/output port by the side of the spectral separation from which the 
optical input/output port and the corresponding wavelength channel by the side of all other 
multiplexing differ does not enter, Optical input/output port has accomplished the 
ensemble respectively in location for every corresponding wavelength channel. The 
optical input/output port corresponding to wavelength channel lambdai of arbitration sets 
to said array waveguide flat- surface optical circuit WM-1 by the optical I/O waveguide by 
the side of spectral separation of said the set of array waveguide flat-surface optical circuit 
WM-2 of each. The surroundings from which optical input/output port serves as sequence 
of the 2nd, 1st, 3rd, and 4th spectral separation side light input/output port (A-I/O-d-2-i, 
A-I/O-d-l-i, A-I/O-d-3-i, A-I/O-d-4-i) to the circumference of reverse The 6th, the 5th, the 
7th, the 8th spectral separation side light input/output port It has stood in a line in order of 
(A-I/O-d-6-i, A-I/O-d-5-i, A-I/O-d-7-i, A-I/O-d-8-i). and between the optical input/output 
port located in a line with such sequence The ** into which the optical input/output port 
by the side of the spectral separation from which the optical input/output port and the 
corresponding wavelength channel by the side of all other multiplexing differ does not 
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enter, Optical input/output port has accomplished the ensemble respectively in location for 
every corresponding wavelength channel. Furthermore, it is related with the wavelength 
channel to which the ensembles of the optical input/output port for every wavelength 
channel by the side of spectral separation correspond. The sequence of the list about the 
wavelength channel to which the ensembles of the optical input/output port for every 
wavelength channel by the side of the sequence of ****** and said spectral separation of 
array waveguide flat-surface optical circuit WM-1 correspond is the sequence mutually 
same at the circumference of reverse. Furthermore, each switching circuit Sl-j for 4 input 
4 output optical cross-connects, SP-j, And it is related with the wavelength channel to 
which the ensembles of the optical output port of optical circuit S3-j Q=l 9 2, N) 
correspond. The sequence of the list about the wavelength channel to which the ensembles 
of the optical input/output port for every wavelength channel by the side of the sequence 
of ****** and said spectral separation of array waveguide flat-surface optical circuit 
WM-1 correspond is the same sequence by the mutually same surroundings. And each 
switching circuit Sl-j for 4 input 4 output optical cross-cpnnects, SP-j, And it is related 
with the wavelength channel to which the ensembles of the optical output port of optical 
circuit S3-j Q= 1, 2, --, N) correspond. When the sequence of the list about the wavelength 
channel to which the ensembles of the optical input/output port for every wavelength 
channel by the side of the sequence of ****** and said spectral separation of array 
waveguide flat- surface optical circuit WM-1 correspond is the sequence mutually same at 
the circumference of reverse On the same flat surface, array waveguide flat-surface optical 
circuit WM-1, WM-2 and switching circuit SI for 4 input 4 output optical cross-connects-j, 
It is the arrangement and the configuration of a circuit in which one does not have what 
crosses mutually by the optical waveguides which connect SP-j and optical circuit S3-j (j= 

1, 2, -, N). Array waveguide flat-surface optical circuit WM-1, WM-2 and switching 
circuit Sl-j for 4 input 4 output optical cross-connects, SP-j, and optical circuit S3-j Q= 1, 

2, --, N), Array waveguide flat-surface optical circuit WM-1, WM-2, and switching circuit 
Sl-j for 4 input 4 output optical cross-connects, [ whether the optical waveguide which 
connects between SP-j and optical circuit S3-j (j= 1, 2, -, N), respectively is created on 
the same flat-surface substrate, and ] Or each optical input/output port is combined in the 
form which compares and carries out the flat-surface circuit board of the light wave length 
multiplexing/demultiplexing section and the flat-surface circuit board of the switching 
circuit for optical cross-connects by which the individual exception was created, and one 
plane optical circuit is formed. 

[0037] This invention according to claim 14 is set to said optical circulator in this 
invention according to claim 9. The light into which the light inputted into optical input 
port was outputted from optical input/output port, and was inputted from optical 
input/output port The light which is outputted from an optical output port, is inputted from 
optical input/output port and outputted from optical input port The light which is fully 
oppressed, is inputted from an optical output port, and is outputted from optical 
input/output port makes it a summary to fully be oppressed, and not to be concerned with 
the sense of I/O of light between optical input port and an optical output port, but to fully 
oppress light. 

[0038] If it is in this invention according to claim 14, in an optical circulator, the light 
inputted into optical input port The light which was outputted from optical input/output 
port and inputted from optical input/output port The light which is outputted from an 
optical output port, is inputted from optical input/output port and outputted from optical 
input port The light which is fully oppressed, is inputted from an optical output port, and is 
outputted from optical input/output port is fully oppressed, between optical input port and 
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an optical output port, it is not concerned with the sense of I/O of light, but light i? fully 

oppressed. 

[0039] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 

explained using a drawing. „ 

[0040] First, the definition of the expression used with this operation gestalt is indicated 

below. 

[0041] [Definition 1] Set A (A= {a}) and [External Character 1] of input/output port which 
use input/output port a as the only element when the set L of the wavelength channel of 
1:1 when there is set B of the input/output port which does not contain certain input/output 
port a and this input/output port a in an element and the transmitted wave length channel 
between said input/output port a is made to correspond by making the set B of 
input/output port into a domain which is the range of a map (onto one-to-one mapping) 
exists 



It will express, if the set about ****** multiplexing/demultiplexing is formed, and said 
input/output port a is expressed as the input/output port by the side of multiplexing, and it 
is expressed as the input/output port by the side of spectral separation of the input/output 
port which is the element of the set B of said input/output port. 

[0042] [Definition 2] The set A of two relatively prime input/output port (waveguide) 
There is B (A**B=phi). Every at least one transmitted wave length channel in the 
wavelength field of the input/output port (waveguide) which is the element of the set A of 
input/output port (waveguide), and the input/output port (waveguide) which is the element 
of the set B of input/output port (waveguide) made into a problem among all input/output 
port (waveguide) exists respectively. When a transmitted wave length channel does not 
exist between the input/output port in each set (waveguide) () Namely, when the signal 
light L is inputted from input/output port (waveguide) a with the element of the set A of 
input/output port (waveguide), The signal light L is outputted from any of the element of 
the set B of input/output port (waveguide), or corresponding input/output port 
(waveguide) b. Conversely, when the signal light L is inputted from input/output port [ of 
the element of the set B of input/output port (waveguide) ] (waveguide) b, The signal light 
L is outputted from input/output port [ of the element of the set A of input/output port 
(waveguide) ] (waveguide) a. Between the elements of the set A of input/output port, and 
between the elements of the set B of input/output port Signal light is outputted and 
inputted and it twists, and the sets A and B of input/output port (waveguide) will be 
expressed if it becomes input port (waveguide) and an output port (waveguide) 
complementary mutually. 

[0043] next, as a light wave length multiplexing/demultiplexing circuit used in the optical 
circuit for an optical pass arrangement of this invention When AWG which is the 
important optical components on the configuration of desirable AWG and the 
configuration of the optical circuit of this invention, and this AWG are required of the light 
wave length multiplexing/demultiplexing circuit which constitutes the optical circuit 
concerning this invention, a property, That is, certification satisfied [ of the property that 
two or more relatively prime sets can be formed ] with the set of the input/output port 
about the wavelength multiplexing/demultiplexing to the set of a wavelength channel with 
the optical input/output port which one AWG has is shown. 

[0044] First, the configuration of AWG is explained with reference to drawing 1 . Drawing 
1 is NxN. It is drawing showing the circuitry of AWG (N= 16). 
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[0045] NxN shown in drawing 1 AWG (N= 16) The two slab waveguide sections 10-1, 
10-2, and the optical I/O waveguide section 9-1 and 9-2 that were connected to each of 
these two slab waveguide sections, Between said two slab waveguide sections 10-1 and 
1 0-2 are connected, and it consists of the array waveguide grating sections 1 1 which 
consist of a meeting of the suitable optical waveguide with contiguity waveguide length 
which carries out fixed-length [ every ] monotonous increment or monotonous reduction.. 
[0046] Moreover, the optical I/O waveguide section 9-1 and 9-2 become input waveguide 
and output waveguide complementary respectively mutually, and consist of sets of the I/O 
waveguide each number of elements of whose is N individual. 

[0047] Furthermore, NxN AWG (N= 16) has LP= {L-P.n} (n= 1, 2, --, 16) which is the set 
of the input/output port which turns into input port and an output port complementary 
mutually, and RP= {R-P.m} (m= 1, 2, -, 16). 

[0048] however, several input/output port of fleece PEKUTORARU (FSR), wavelength 
channel spacing (deltalambda), and one side - between N — N=FSR/delta ~ lambda - by 
the optical waveguide which constitutes the optical I/O waveguide section 9-1 prolonged 
from one slab waveguide 10-1 of NxN AWG which has satisfied relation To the 
input/output port which each optical waveguide draws sequentially from the optical 
waveguide side which adjoined the longest optical waveguide of the waveguide length of 
the two slab waveguide sections 10-1 and the array waveguide grating section 11 which 
connects 10-2, and has been prolonged, 1, 2, -, Notation L-P. which discriminates the set 
of the input/output port which assigned N and a port number and has extended from one 
slab waveguide 10-1 from the set of the input/output port which has extended from the 
slab waveguide 10-2 of another side, and L in all-P.l, L-P.2, -, Expressed L-P.N and it has 
extended from the slab waveguide 10-2 of another side. To the input/output port which 
each optical waveguide draws sequentially from the optical waveguide side which 
constitutes the two slab waveguide sections 10-1 and the optical I/O waveguide section 
9-2 which adjoined the longest optical waveguide of the waveguide length of the array 
waveguide grating section 11 who connects 10-2, and has been prolonged, 1, 2, — , N and a 
port number are assigned and let the sets of the input/output port which has extended from 
the slab waveguide 10-2 be notation R-P. discriminated from the set of the input/output 
port which has extended from the slab waveguide 10-1, R in all-P.l, R-P.2 and -, and the 
thing to express as R-P.N. 

[0049] Next, AWG performs certification about what the property required of the light 
wave length multiplexing/demultiplexing circuit which constitutes the light amplifier 
concerning this invention is satisfied for. 

[0050] L-P.l which consists each input/output port of a notation which identifies 
input/output port, and an input/output port number as mentioned above, L-P.2, — , L-P.N, 
R-P.l, R-P.2, -, when it expresses with R-P.N, NxN AWG (main transmitted wave length 
channel lambdac, wavelength channel spacing deltalambda) complementary mutually 
Input port, The transmitted wave length lambda (n, m) of input/output port L-P.n (n is the 
natural number below N) and input/output port R-P.m (m is the natural number below N) 
used as an output port uses the input/output port numbers n and m, and is [Equation 1]. 
lambda(n, m) =lambdan+m-N/2=lambdac+deltalambda (n+m-N/2) (0<n+m-N/2 <=N) - 

(1) 

- lambdan+m+N/2=lambdac+deltalambda (n+m+N/2) (n+m-N / 2<=0) - (2) 
= lambdan+m-3N / 2=lambda c+delta lambda (n+m-3N/2) (N<n+m-N/2) - (3) 
It can express. 

[005 1] For example, NxN at the time of assigning a number suitably to input/output port, 
as mentioned above The transmitted wave length between input/output port L-P.6, L-P.7, 
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L-P.8, L-P.9, and input/output port {R-P.m} (m= 1, 2, --, 16) of AWG (N= 16, 
FSR=Ndeltalambda) becomes relation as shown in a table 1. 
[0052] 
[A table J] 



Here, it is NxN. The property required of the light wave length 

multiplexing/demultiplexing circuit where AWG is needed for the light amplifier of this 
invention is satisfied, Namely, the integer j of the arbitration which satisfies I0<j<N is 
received. In **************, the set {L-P.j-1, R-P.2k"+2 (k"=0, 1 and 2, -, N / 2-1)} of 
{L-P.j, R-P.2K'+1 (K'=0, 1 and 2, --, N / 2-1)} and input/output port is relatively prime. It 
is shown that it is the set about the wavelength multiplexing/demultiplexing to the set of 
the same wavelength channel. 

[0053] First, the integer k of the arbitration which satisfies the integer j of the arbitration 
which satisfies 0<j<N, 0 <=k<=N / 2-1 is received. It asks for relation with the transmitted 
wave length lambda (j-1, 2k+2) between the ports of the transmitted wave length lambda 
between the ports of input/output port L-P.j and input/output port R-P.2k+1 (j, 2k+l), 
input/output port L-P.j-1, and input/output port R-P.2k+2 below. 

[0054] The integers k and j of the above-mentioned arbitration are used for the sum of the 
port number between the ports which become each other with input port and an output 
port complementary in the group of 2 sets of above-mentioned input/output port, and it is 
n+m=2k+l+j=2k+2+ 0-1). 

It can express and both value always becomes equal. 

[0055] Therefore, for the above-mentioned transmitted wave length lambda 0, 2k+l) and 
lambda (j-1, 2k+2), since it is expressed by which same formula of the above-mentioned 
formula (1), (2), or (3) by any case, the difference with the transmitted wave length 
lambda 0, 2k+l) and lambda (j-1, 2k+2) is [Equation 2]. 
lambdaO, 2k+l )-lambda 0-1 , 2k+2) 

= deltalambda([2k+l]+j-N/2)-deltalambda ([2k+2]+ [j-1] -N/2) 

= 0 or [Equation 3] 

lambdaO, 2k+l)-lambda Q-l, 2k+2) 

= deltalambda([2k+l]+j+N/2)-deltalambda ([2k+2]+ [j-1] +N/2) 

= 0 or [Equation 4] 

lambdaO, 2k+l)-lambda 0-1 , 2k+2) 

= deltalambda([2k+l]+j-3N/2)-deltalambda ([2k+2]+[j-l]-3N/2) 

= It is set to 0 and, in any case, it turns out that it is the same wavelength. 

[0056] It follows. 0<j<N Case L '={[ of the transmitted wave length between input/output 

port L-P.j to the integer j of the arbitration to satisfy, and the input/output port which is the 

element of C= {R-P.2k'+1 :k'=0, 1 and 2, --, N / 2-1 } in the case of input/output port ] 

lambdaO, 2k'+l) : k'=0, 1 and 2, --, N/2-1 } , input/output port L-P. ~ set L"= of the 

transmitted wave length between j-1 and the input/output port which is the element of set 

D= {R-P.2k"+2:k" =0, 1 and 2, --, N / 2-1 } of input/output port -- {-- Iambda0-1, 

2k"+2):k"= ~ with N/[ 0, 1, 2 --, and ] 2-1 } Since the elements which satisfy ** k'=k" are 

equal respectively, it is equal (L -L"). 

[0057] Furthermore At this time Set C[ of the input/output port by the side of spectral 
separation ] = {R-P2k'+1 } The difference of a port number with set D[ of N/2-1), and 
input/output port ] = {R-P.2k"+2} (k" = 0, 1, --, N/2 -1) can express (2k'+l)-(2k"+2) =2(k' 
- k")-l . (-- k - - 0, 1 , and - It turns out that C and D are relatively prime in the case of 
input/output port, and it does not have the common element (input/output port) of each 
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other since a value is never set to 0 also to the combination of k", natural number [ What 
kind of] k' and. 

[0058] It follows. The set {L-P.j, R-P.2k'+1 (k'=0, 1 and 2, N / 2-1)} of the input/output 
port to the integer j of the arbitration which satisfies 0<j<N, and set {L-P.j-1 of 
input/output port and R-P.2k"+2 (k"=0, 1 and 2, N / 2-1) are relatively prime. And it is 
the set about the wavelength multiplexing/demultiplexing to the set of the same 
wavelength channel. 

[0059] moreover The integer of the arbitration which satisfies 0<j<N similarly is received 
at j. Set {L-P.j of **************, R-P.3k'+1 (k'=0, 1 and 2, --, N / 3-1)}, and set {L-P.j-2 
of the set {L-P.j-1, R-P.3k"+2 (k"=0, 1 and 2, --, N / 3-1)} of input/output port, and 
input/output port and R-P.3k -- '" ~ +3 (K ~ m - =0, 1 and 2, and --) As opposed to the 
integer k of the arbitration which satisfies 0 <=k<N/2 about N/3-1 } The sum of the port 
number between the ports which turn into input port and an output port complementary 
can express n+m=j+(3k+l) =0-1) +(3k+2) =(J-2)+ (3k+3) to each other using the integers 
k and j of the above-mentioned arbitration. The difference of the port number of the 
multiplexing side port during the set of each input/output port which has three persons' 
value in an always equal thing and the above, [Equation 5] 

(3k'+l)-(3k"+2) =3(k' - k")-l (3k'+l) -(3k"'+3) =3(k - k'")-2 (3k"+2) - (3k'"+3) - = -- 
three (k" - k") - three - what kind of - the natural number ~ k — ' — k — " -- k — ' — ' — ' — 
receiving ~ As opposed to the integer j of the arbitration which satisfies 0<j<N since it 
**** and is not set to 0 Set {L-P.j of **************, R-P.3k'+1 (k'=0, 1 and 2, -, N / 
3-1)}, and set {L-P.j-2 of the set {L-P.j-1, R-P.3k"+2 (k"=0, 1 and 2, --, N / 3-1)} of 
input/output port, and input/output port and R-P.3k - "' - +3 (k - '" ~ =0, 1 and 2, and --) 
It is the set about the wavelength multiplexing/demultiplexing to the set of the wavelength 
channel same relatively prime as N/3-1 } . 

[0060] Further again As opposed to the integer j of the arbitration which satisfies 0<j<N 
similarly Set {L-PJ of **************, R-P.4k'+1 (k'=0, 1 and 2, --, N / 4-1)}, and set 
{L-P.j-1 of input/output port and R-P.4k' - 'set {L-P.j-2 of +2(k"=0, 1 and 2, -, N / 4-1)} 
and input/output port, R-P.4k'" ~ +3 (k - '" - =0, 1 and 2, and --) N/4-1 }, and set {L-P.j-3 
of input/output port, R-P.4k""+ (as opposed to the integer k of the arbitration which 
satisfies 0 <=k<N/2 about 4(k""=0, 1 and 2, --, N / 4-1)}) The sum of the port number 
between the ports which turn into input port and an output port complementary can 
express n+m=j+(4k+l) =0-1) +(4k+2) =0-2) +(4k+3) =0-3)+ (4k+4) to each other using 
the integers k and j of the above-mentioned arbitration, and four persons are always equal, 
And the difference of the port number of the multiplexing side port during the set of each 
input/output port which exists above, [Equation 6] 

(4k+l)- = 4 (4k"+2) (k'-k") -1 (4k'+l)- = 4 (4k"'+3) (k'-k'") -2 (4k'+l)- = 4 (4k""+4) 
(k'-k"") -3 (4k"+2)- = 4 (4k"'+3) (k"-k m ) -1 (-- four - k - ' - ' - + - two --) - (4k""+4) - = 
~ four (k" - k"") - two (4k"'+3) - (4k""+4) ~ = - four V-k » '" - one - what kind of - the 
natural number - k - ' -- k -- ' -- ' -- k -- ' -- ' -- ' ~ receiving - As opposed to the integer j 
of the arbitration which satisfies 0<j<N since it **** and is not set to 0 Set {L-P.j of 

R.p.4k'+1 (k'=0, 1 and 2, --, N / 4-1)}, and set {L-P.j-1 of input/output 
port and R-P.4k' -- 'set {L-P.j-2 of +2(k"=0, 1 and 2, --, N / 4-1)} and input/output port, 
R .p.4k'" - +3 (k - - =0, 1 and 2, and -) The set {L-P.j-3, R-P.4k""+4 (k""=0, 1 and 2, 
N / 4-1)} of N/4-1 }, and input/output port is a set about the wavelength 
multiplexing/demultiplexing to the set of the same relatively prime and wavelength 
channel. 

[0061] Hereafter, several N' of a set of input/output port and N to form are N/N'. - The 
same thing can be said as long as 1>=0 is satisfied. 
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[0062] As mentioned' above, NxN AWG is relatively prime and it turns out that the . 
property required of the light wave length multiplexing/demultiplexing circuit which is 
needed for the light amplifier of this invention with the set of two or more input/output 
port which forms a set about the wavelength multiplexing/demultiplexing to the set of the 
same wavelength channel is satisfied. » 
[0063] Satisfying the property required of the light wave length 

multiplexing/demultiplexing circuit which constitutes the light amplifier AWG starts this 
invention as mentioned above is proved. 

[0064] Next, while it is shown that it is the switch configuration with which are satisfied 
of all actuation that switching circuit Sl-j for optical cross-connects shown in drawing 2 
should fill, it is shown that it is the switch configuration with which are satisfied of all 
actuation that switch SP-j for optical cross-connects shown in drawing 3 should fill. 
[0065] Switching circuit Sl-j for optical cross-connects* shown in drawing 2 consists of 
one 2 input 2 output .cross-bar actuation optical switch circuit CS-i (i= 1) and four 2x1 
transparency joint port selection optical switch circuit SS-i (i= 1 , 2, 3, 4). 
[0066] Moreover, switch SP-j for optical cross-connects shown in drawing 3 consists of 
four 2 input 2 output cross-bar actuation optical switch circuit CS-i (i= 1, 2, 3, 4) and four 
2x1 transparency joint port selection optical switch circuit SS-i (i= 1, 2, 3, 4). 
[0067] Two optical input/output port CS-i-I -1 of 2 input 2 output cross-bar actuation 
optical switch circuit CS-i which is a component here Transparency / cutoff switching 
between CS-i-I-optical input/output port CS-i-O -1 of 2 and 2 and CS-i-O -2 the actuation 
(0-condition concerning CS-j at this operation gestalt — ) which changes two operating 
state as generally called cross-bar switching and shown in a table 2 (a) to arbitration 
1 -condition is possible. And transparency / cutoff switching between one two optical 
input/output port SS-i-I/O-L -1 of 2x1 transparency joint port selection optical switch 
circuit SS-i, SS-i-I/O-L -2, and optical input/output port SS-i-I/O-R -1 of another side For 
example, are in agreement with transparency / cutoff switching which observed only 
optical remaining input/output port CS-i-I -1, CS-i-I -2, and CS-i-O -1, without making 
optical output port CS-i-O -2 of the above-mentioned 2 input 2 output cross-bar actuation 
optical switch circuit into a problem. The actuation (0-condition concerning SS-j at this 
operation gestalt, 1 -condition) which changes two operating state as shown in a table 2 (b) 
to arbitration is possible. 
[0068] 
[A table 2] 



[A table 3] 

As an optical switch circuit which realizes transparency / cutoff switching of such a 
cross-bar mold A Mach TSUENDA mold flat-surface waveguide light TO switching 
circuit (refer to IEICE.Trans.Electron., E76-C, p.1215, and 1993), A double-gate Mach 
TSUENDA mold flat-surface waveguide light TO switching circuit (refer to Electron 
Letter 32., p. 1471 , and 1 996), A Mach TSUENDA mold flat-surface waveguide light LN 
switching circuit, a double-gate Mach TSUENDA mold flat-surface waveguide light LN 
switching circuit, There is a semi-conductor light amplifier (SOA) mold 2x2 
optical-switch circuit (refer to Yoshiro Komatsu, OPTRONICS No. 12, pp. 139- 144, and 
1997) etc. 

[0069] Actuation of 2x1 transparency joint port selection optical switch circuit SS-i is 



37 



JP2001-103523-A1 
Computer Translation 

realized by simplifying a circuit in the range which does not affect switching, not ufcing 
one input/output port of the arbitration of an optical switch circuit which realizes the 
above-mentioned cross-bar mold transparency / cutoff switching. 

[0070] Switching circuit Sl-j for optical cross-connects as shown in drawing 2 by 2 input 
2 output cross-bar actuation optical switch circuit CS-1 and 2x1 transparency joint port 
selection optical switch circuit SS-i (i= 1, 2, 3, 4) which were mentioned above is 
constituted. Transparency between optical input port and an optical output port and cutoff 
switching can be realized by switching circuit Sl-j for optical cross-connects by making it 
operate, making it align so that it may become combination as shows the operating state of 
the optical switch circuit which is each component in a table 3 (a). 
[0071] 
[A table 4] 

That is, switching circuit Sl-j for optical cross-connects realizes the following actuation. 
[0072] Signal light is made to penetrate between the 1st optical input port and the 2nd 
optical output port and between the 3rd optical input port and the 4th optical output port. 
And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 1st optical input port and the 2nd optical output port and except 
between the 3rd optical input port and the 4th optical output port, and ] Or signal light is 
made to penetrate between the 1st optical input port and the 2nd optical output port and 
between the 4th optical input port and the 3rd optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1st optical input port and the 2nd optical output port and except between the 4th optical 
input port and the 3rd optical output port, and ] Or signal light is made to penetrate 
between the 1st optical input port and the 4th optical output port and between the 3rd 
optical input port and the 2nd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 4th optical output port and except between the 3rd optical input port and the 2nd 
optical output port, and ] Or signal light is made to penetrate between the 1st optical input 
port and the 3rd optical output port and between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 1st optical input port and the 3rd optical output 
port and except between the 4th optical input port and the 2nd optical output port, and ] Or 
signal light is made to penetrate between the 2nd optical input port and the 1st optical 
output port and between the 3rd optical input port and the 4th optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 2nd optical input port and the 1st optical output port and except between 
the 3rd optical input port and the 4th optical output port, and ] Or signal light is made to 
penetrate between the 2nd optical input port and the 1 st optical output port and between 
the 4th optical input port and the 3rd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 2nd 
optical input port and the 1st optical output port and except between the 4th optical input 
port and the 3rd optical output port, and ] Or signal light is made to penetrate between the 
2nd optical input port and the 3rd optical output port and between the 4th optical input 
port and the 1 st optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 3rd 
optical output port and except between the 4th optical input port and the 1st optical output 
port, and ] Or signal light is made to penetrate between the 2nd optical input port and the 
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4th optical output port and between the 3rd optical input port and the 1st optical output 
port. And switching circuit Sl-j for optical cross-connects can choose as arbitration 
whether signal light is intercepted among all the optical input port and optical output ports 
between the 2nd optical input port and the 4th optical output port and except between the 
3rd optical input port and the 1 st optical output port. „ 
[0073] Moreover, switch SP-j for optical cross-connects as shown in drawing 3 by 2 input 
2 output cross-bar actuation optical switch circuit CS-i (i= 1, 2, 3, 4) and 2x1 transparency 
joint port selection optical switch circuit SS-i (i= 1, 2, 3, 4) is constituted. Transparency 
between optical input port and an optical output port and cutoff switching can be realized 
by switch SP-j for optical cross-connects by making it operate, making it align as as 
combination as shows the operating state of the optical switch circuit which is each 
component in a table 3 (b). 
[0074] 
[A table 5] 

That is, switch SP-j for optical cross-connects can realize the following actuation. 
[0075] Signal light is made to penetrate between the 1 st optical input port and the 2nd 
optical output port and between the 3rd optical input port and the 4th optical output port. 
And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 1st optical input port and the 2nd optical output port and except 
between the 3rd optical input port and the 4th optical output port, and ] Or signal light is 
made to penetrate between the 1st optical input port and the 2nd optical output port and 
between the 4th optical input port and the 3rd optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1st optical input port and the 2nd optical output port and except between the 4th optical 
input port and the 3rd optical output port, and ] Or signal light is made to penetrate 
between the 1 st optical input port and the 4th optical output port and between the 3rd 
optical input port and the 2nd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 4th optical output port and except between the 3rd optical input port and the 2nd 
optical output port, and ] Or signal light is made to penetrate between the 1st optical input 
port and the 3rd optical output port and between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 1st optical input port and the 3rd optical output 
port and except between the 4th optical input port and the 2nd optical output port, and ] Or 
signal light is made to penetrate between the 2nd optical input port and the 1st optical 
output port and between the 3rd optical input port and the 4th optical output port. And 
[ whether signal light is intercepted among all the optical input port and optical output 
ports between the 2nd optical input port and the 1st optical output port and except between 
the 3rd optical input port and the 4th optical output port, and ] Or signal light is made to 
penetrate between the 2nd optical input port and the 1 st optical output port and between 
the 4th optical input port and the 3rd optical output port. And [ whether signal light is 
intercepted among all the optical input port and optical output ports between the 2nd 
optical input port and the 1st optical output port and except between the 4th optical input 
port and the 3rd optical output port, and ] Or signal light is made to penetrate between the 
2nd optical input port and the 3rd optical output port and between the 4th optical input 
port and the 1st optical output port. And [ whether signal light is intercepted among all the 
optical input port and optical output ports between the 2nd optical input port and the 3rd 
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optical output port and except between the 4th optical input port and the 1st optical'output 
port, and ] Or signal light is made to penetrate between the 2nd optical input port and the 
4th optical output port and between the 3rd optical input port and the 1st optical output 
port. And [ whether signal light is intercepted among all the optical input port and optical 
output ports between the 2nd optical input port and the 4th optical output port and except 
between the 3rd optical input port and the 1st optical output port, and ] Or signal light is ■ 
made to penetrate between the 1st optical input port and the 3rd optical output port and 
between the 2nd optical input port and the 4th optical output port. And [ whether signal 
light is intercepted among all the optical input port and optical output ports between the 
1st optical input port and the 3rd optical output port and except between the 2nd optical 
input port and the 4th optical output port, and ] Or signal light is made to penetrate 
between the 1st optical input port and the 4th optical output port and between the 2nd 
optical input port and the 3rd optical output port. And [ whether signal light is intercepted 
among all the optical input port and optical output ports between the 1st optical input port 
and the 4th optical output port and except between the 2nd optical input port and the 3rd 
optical output port, and ] Or signal light is made to penetrate between the 3rd optical input 
port and the 1 st optical output port and between the 4th optical input port and the 2nd 
optical output port. And [ whether signal light is intercepted among all the optical input 
port and optical output ports between the 3rd optical input port and the 1st optical output 
port and except between the 4th optical input port and the 2nd optical output port, and ] Or 
signal light is made to penetrate between the 4th optical input port and the 1st optical 
output port and between the 3rd optical input port and the 2nd optical output port. And 
switch SP-j for optical cross-connects can choose as arbitration whether signal light is 
intercepted among all the optical input port and optical output ports between the 4th 
optical input port and the 1st optical output port and except between the 3rd optical input 
port and the 2nd optical output port. 

[0076] Furthermore, switching circuit Sl-j for optical cross-connects is 2 input 2 output 
cross-bar actuation optical switch circuit CS-1 which is a component as drawing 2 also 
shows. Arrangement creation can be carried out on the same flat surface, without 2x1 
transparency joint port selection optical switch circuit SS-i (i= 1, 2, 3, 4) and the optical 
waveguide which connects between external I/O ports crossing. 

[0077] Moreover, switch SP-j for optical cross-connects can be arranged and created on 
the same flat surface so that drawing 3 may show, and there may be no part which 2 input 
2 output cross-bar actuation optical switch circuit CS-i which is a component, 2x1 
transparency joint port selection optical switch circuit SS-i, and two optical waveguides 
which connect between external I/O ports cross, in addition crosses. 
[0078] Although it is possible to suppress and create the increment in loss by making the 
intersection of optical waveguide into the cross talk between each optical waveguide and 
the crossing structure when creating the switching circuit for optical cross-connects in this 
invention on one flat-surface substrate Since an actual creation top is difficult for making a 
cross talk into zero thoroughly, and making thoroughly the increment in loss by making it 
the crossing structure into zero, The arrangement configuration of the switching circuit for 
optical cross-connects of this invention [ whether when accumulating and creating a 
circuit on one flat-surface substrate, the cross talk and loss resulting from the crossover 
structure of optical waveguide can be thoroughly made into zero, and ] Or since it 
becomes a flat-surface circuit without the part which has at most two intersections, in 
addition crosses, the flat-surface mold optical circuit which was excellent in the property 
about loss and a cross talk can be created, and it is advantageous. 

[0079] Furthermore, 2 input 2 output cross-bar actuation optical switch circuit CS-j which 
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is the component of switching circuit fcl-j for optical cross-connects It is the switch which ( 
controls the cross connect of two signal light streams especially. Especially this switch A 
Mach TSUENDA mold flat-surface waveguide light LN switching circuit, By considering 
as the optical switch circuit which can realize high-speed optical switching like a 
double-gate Mach TSUENDA mold flat-surface waveguide light LN switching circuit and 
a semi-conductor light amplifier (SOA) mold 2x2 optical-switch circuit A change rate can 
realize a high-speed change in the signal light packet unit of nsec order to sub-nsec order. 
At this time, a Mach TSUENDA mold flat-surface waveguide light LN switching circuit 
arid a double-gate Mach TSUENDA mold flat-surface waveguide light LN switching 
circuit have a comparatively large insertion loss. Since a semi-conductor light amplifier 
(SOA) mold 2x2 optical-switch circuit deteriorates signal light slightly by NF of SOA 
using a Mach TSUENDA mold flat-surface waveguide light TO switching circuit or a 
double-gate Mach TSUENDA mold flat-surface waveguide light TO switching circuit — 
the insertion loss of switching circuit Sl-j for optical cross-connects — it can penetrate and 
degradation of signal light can be suppressed. 

[0080] Next, with reference to drawing 4 and drawing 5 , the detail of the optical circuit 
section CORE (optical control means) currently used for the optical circuit for an optical 
pass arrangement and this optical circuit for an optical pass arrangement concerning the 
operation gestalt of this invention is explained. 

[0081] In the example of the optical circuit section CORE shown in drawing 5 , the set 
about the wavelength multiplexing/demultiplexing to set LO[ of the same wavelength 
channel ] = {lambda4 k+q +1 } is formed as a light wave length 

multiplexing/demultiplexing circuit, and it is the set [several 7] of four relatively prime 
optical input/output port. PG-1=A-3={L-P.q, R-P.4K+q+l}, PG-2=A-1={L-Rq-1 R-P.4 
K+q+2}, PG-3=A-4={L-P.q+1 R-P.4 K+q}, PG-4=A-2={L-P.q-2, NxN which has R-P.4 
K+q+3} AWG The set about the wavelength multiplexing/demultiplexing to WM-1 and 
the set LO of said wavelength channel is formed, and it is the set [several 8] of four 
relatively prime optical input/output port. PG-5=A-7={L-P.q, R-P.4K+q+l}, 
PG-6=A-5={L-Rq-1 R-P.4 K+q+2}, PG-7=A-8-{L-Rq+l R-P.4 K+q}, PG - NxN which 
has 8=A-6= {L-P.q-2, R-P.4 K+q +3} AWG A total of two NxN which consists of WM-2 It 
is constituted using AWG 

[0082] In addition, please refer to table 4a shown below as a conversion table of optical 
input/output port to a transmitted wave length channel, a table 4 (b), a table 4 (c), a table 4 
(d), and a table 4 (e). A table 4 (c) is the case of q-4m=3, a table 4 (a) is the case of 
q-4m<2, and table 4e is [ a table 4 (b) is the case of 1 <=q-4m<3, and / a table 4 (d) is the 
case where it has a full circumference property by q-4m=0 and N=2q, and ] an example in 
N= 32. 
[0083] 
[A table 6] 



[A table 7] 



[A table 8] 



[A table 9] 
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[A table 10] 

However, it is m=int (q/4) here. It is q=int (N/2). At the time of q-4m<l It is 1, 0, --, m-1. 
k=-m+l, - at the time of 1 <=q-4m<3 Or when it has q-6m=0, N=2q, and a full 
circumference property, it is k=-m, -m+1, «, -1, 0 and 1, --, m-1, and they are k=-m, -m+1, 
~, -1, 0 and 1, — , m-1, and m at the time of q-6m=3. 

[0084] Furthermore, optical input/output port A-I/O -1 , A-I/O -2, A-I/O -3 and A-I/O -4, 
and optical multiplexing/demultiplexing circuit NxN AWG Optical input/output port L-P.q 
by the side of multiplexing of WM-1, L-P.q The optical input/output port where +1, 
L-P.q- 1, and L-P.q-2 are the same respectively is expressed. And optical input/output port 
A-I/O-d-1 -i, A-I/O-d-2-i, A-I/O-d-3-i and A-I/O-d-4-i, and optical 
multiplexing/demultiplexing circuit NxN AWG Optical input/output port R-P.i+1 by the 
side of spectral separation of WM-1, R-P.i, The optical input/output port where R-P.i+2 
and R-P.i+3 are the same respectively is expressed. And optical input/output port R-P.q by 
the side of multiplexing of optical input/output port A-I/O -5, A-I/O -6, A-I/O -7 and A-I/O 
-8, and optical multiplexing/demultiplexing circuit NxNAWG WM -2, R-P.q +1, R-P.q 
The optical input/output port where -1 and R-Pq-2 are the same respectively is expressed. 
And optical input/output port A-I/O-d-5-i, A-I/O-d-6-i, A-I/O-d-7-i and A-I/O-d-8-i, and 
optical multiplexing/demultiplexing circuit NxNAWG Optical input/output port L-P.i+1 
by the side of spectral separation of WM-2, L-P.i, L-P.i+2, and L-P.i+3 shall express the 
same optical input/output port, respectively. 

[0085] So that by choosing the combination of optical input/output port as mentioned 
above may show from table 4a, b, c and d, and drawing 5 The input/output port by the side 
of the spectral separation corresponding to the same wavelength channel of set PG-n (n= 1, 
2, 3, 4) of optical input/output port, And it becomes possible to make a group form without 
making the optical input port of an arrangement top and others enter inside of the 
input/output port by the side of the spectral separation corresponding to the same 
wavelength channel of set PG-n (n= 5, 6, 7, 8) of optical input/output port. 
[0086] It follows. NxN AWG Optical input/output port R-P.6 k+q +1 by the side of the 
spectral separation corresponding to the same wavelength channel of set PG-n (n= 1, 2, 3, 
4) of the input/output port about the wavelength multiplexing/demultiplexing to L0 of 
WM-1, R-P.6 k+q, R-P.6 k+q +2, And respectively corresponding to each wavelength 
channel, it is arranged according to an individual with R-P.6 k+q +3. And optical input 
port S-j-I -1 of switching circuit Sl-j for optical cross-connects and SP-j by which it is 
arranged for every wavelength channel those any they are, and (j = 4 k+q +1) optical circuit 
S3-j, S-j-I -2, S-j-I -3, and S-j-I -4 respectively ~ optical waveguide ~ an epilogue - and 
NxN AWG Optical input/output port L-P.6 k+q +1 by the side of the spectral separation 
corresponding to the same wavelength channel of set P-n (n= 7, 8, — , 12) of the 
input/output port about the wavelength multiplexing/demultiplexing to L0 of WM-2, L-P.6 
k+q, L-P.6 k+q +2, And respectively corresponding to each wavelength channel, it is 
arranged according to an individual with L-P.6 k+q +3. And optical output port S-j-O -1 of 
switching circuit Sl-j for optical cross-connects and SP-j by which it is arranged for every 
wavelength channel those any they are, and (j=4 k+q +1) optical circuit S3-j, S-j-O -2, 
S-j-O -3, and S-j-O -4 It is optical multiplexing/demultiplexing circuit NxN by making it 
the circuit arrangement connected with optical waveguide, respectively. AWG 
Respectively corresponding to WM-1, WM-2, and each wavelength channel, it is arranged 
according to an individual. And, without making all the optical waveguides that connect 
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between the input/output port of each switching circuit Sl-j for cross connect and SP-j by 
which it is arranged for every wavelength channel those any they are, and (}=4 k+q +1) 
optical circuit S3-j cross It is possible to arrange and create these optical circuits on the 
same flat surface. 

[0087] Although it is possible to suppress and create the increment in loss by making the 
intersection of optical waveguide into the cross talk between each optical waveguide and 
the crossing structure Since an actual creation top is difficult for making a cross talk into 
zero thoroughly, and making thoroughly the increment in loss by making it the crossing 
structure into zero, Optical multiplexing/demultiplexing circuit NxN of this invention 
AWG Respectively corresponding to WM-1, WM-2, and each wavelength channel, it is 
arranged according to an individual. And the arrangement configuration of the optical 
waveguide which connects between input/output port with switching circuit Sl-j for 
optical cross-connects and SP-j by which it is arranged for every wavelength channel 
those any they are, and (]=4 k+q +1) optical circuit S3-j optical 

multiplexing/demultiplexing circuit NxN when integrating and creating a circuit on one 
flat-surface substrate AWG WM-1 and WM-2 and switching circuit S lfor optical 
cross-connects-j — or When the whole circuit is constituted by creating SP-j as a 
flat-surface substrate optical circuit according to an individual, respectively, making each 
optical input/output port associate, and connecting (I. Ogawa et.al, OFC98PD 4-1), The 
cross talk and loss resulting from the crossover structure of optical waveguide can be 
thoroughly made into zero, and it is advantageous. 

[0088] Furthermore, between the transparency and operating characteristic in each 

wavelength channel between the optical input/output port of the optical circuit section 

CORE, and the switch condition of switching circuit Sl-j for optical cross-connects, SP-j, 

and (j = 4 k+q +1) arranged corresponding to each wavelength channel, response relation as 

shown in a table 5 (a) and a table 5 (b), respectively is materialized. 

[0089] 

[A table 11] 



[A table 12] 

Furthermore, optical input/output port I/O-n of the optical circuit for an optical pass 
arrangement of this invention (n= 1, 2, 3, 4), Optical input/output port CL-I/O-n (n= 1, 2, 
3, 4) of optical circulator CL-n (n= 1, 2, 3, 4) by optical waveguide, respectively An 
epilogue, And between optical output port CL-O-n (n= 1, 2, 3, 4) of optical circulator 
CL-n (n= 1, 2, 3, 4), and optical input port A-I/O-n (n= 1, 2, 3, 4) of the optical circuit 
section CORE Uni-directional light amplifier AMP-n (n= 1, 2, 3, 4) of a conventional type 
is connected to the sense by which optical amplification is carried out in the direction 
spread from optical output port CL-O-n to optical output port A-I/O-n, respectively. And 
optical output port A-I/O-n of the optical circuit section CORE (n= 5, 6, 7, 8), By 
connecting optical input port CL-i-n (n= 1, 2, 3, 4) of optical circulator CL-n (n= 1, 2, 3, 
4) with optical waveguide, respectively The transparency and operating characteristic in 
each wavelength channel between the optical input/output port of the optical circuit 
section CORE at the time of using switching circuit Sl-j for optical cross-connects, and 
SP-j (j=4 k+q +1), respectively, Between the optical propagation magnification conditions 
of the signal light between external I/O port I/O-n (n= 1, 2, 3, 4) in the wavelength 
channel to which the optical circuit for an optical pass arrangement of this invention 
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corresponds, respectively, the response relation shown in table 6a. and table 6b., , , 
respectively is materialized. 
[A table 13] 

[A table 14] 

therefore, which switching circuit Sl-j for optical cross-connects arranged according to an 
individual corresponding to each wavelength channel — and By controlling the switch 
condition of SP-j (j=4 k+q +1), between a table 5 (a) and a table 6 (a), And according to 
the response relation shown between table 5b. and table 6b., respectively, the optical 
propagation magnification condition between external I/O port I/O-n (n= 1, 2, 3, 4) in each 
corresponding wavelength channel of the optical circuit for a pass arrangement of this 
invention is controllable. 

[0090] Namely, the conventional optical cross-connect circuit which has every two 
extraneous light input port and external optical output ports, respectively As opposed to 
being only being able to change and control a cross and two kinds of optical propagation 
magnification conditions of a bar, as shown in drawing 6 in the optical circuit for an 
optical pass arrangement of this invention When switching circuit Sl-j for optical 
cross-connects is used, it adds to change control of the optical propagation magnification 
condition of a cross bar. extraneous light input/output port I/O -1, between I/O -2 and I/O 
-3, and I/O, since it is alike, respectively, it sets -4 between and dynamic change control of 
the two optical propagation magnification directions of rise and fall according to 
individual is attained for every wavelength channel It becomes possible to control the 
change of eight kinds of optical propagation magnification conditions as shown in 
drawing 7 . 

[0091] moreover, when switch SP-j for optical cross-connects is used To change control of 
the optical propagation magnification condition of a cross bar, in addition, since dynamic 
change control of the two optical propagation magnification directions of rise and fall 
according to individual is attained for every wavelength channel among 2 ports of the 
arbitration of extraneous light input/output port I/O -1, I/O -2, I/O -3, and I/O -4, It 
becomes possible to control the change of 12 kinds of optical propagation magnification 
conditions as shown in drawing 8 . 

[0092] This function is dramatically effective in the object which builds and controls the 
optical network which can expand the degree of freedom at the time of setting the pass of 
signal light on an optical network by leaps and bounds, and can respond to fluctuation of 
the amount of traffic flexibly. 

[0093] Moreover, when it is decided in the actual network to use the pass of some 
wavelength channels by immobilization, It changes to said switching circuit Sl-j for 
optical cross-connects, and switch SP-j for optical cross-connects. It has the optical circuit 
S3-j, i.e., the 1st, thru/or 4th optical input port and 1st thru/or 4th optical output port. 
Optical waveguide between the 1 st optical input port and the 2nd optical output port and 
between the 3rd optical input port and the 4th optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1 st optical input port and the 2nd optical output port and between 
the 4th optical input port and the 3rd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1 st optical input port and the 4th optical output port and between 
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the 3rd optical input port and the 2nd optical output port An epilogue, Carry out • 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1st optical input port and the 3rd optical output port and between 
the 4th optical input port and the 2nd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 1st optical output port and between 
the 3rd optical input port and the 4th optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 1st optical output port and between 
the 4th optical input port and the 3rd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 3rd optical output port and between 
the 4th optical input port and the 1st optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 2nd optical input port and the 4th optical output port and between 
the 3rd optical input port and the 1st optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1st optical input port and the 3rd optical output port and between 
the 2nd optical input port and the 4th optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 1 st optical input port and the 4th optical output port and between 
the 2nd optical input port and the 3rd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 3rd optical input port and the 4th optical output port and between 
the 4th optical input port and the 2nd optical output port An epilogue, Carry out 
termination of all the other optical input port and optical output ports, or optical 
waveguide between the 4th optical input port and the 1 st optical output port and between 
the 3rd optical input port and the 2nd optical output port An epilogue, By arranging 4 
input 4 output optical circuit S3-j which suited realizing the pass of one the 
immobilization of said of one 4 input 4 output optical circuit S3-j of whether termination 
of all the other optical input port and optical output ports is carried out It can do [ stopping 
power consumption or ] by attaining simplification of the optical circuit for an optical pass 
arrangement of this invention, and excluding the unnecessary optical switch section. 
[0094] Furthermore, they are N= 64 and wavelength channel spacing deltalambda=25GHz 
NxN by the circuitry shown, for example in drawing 5 . When AWG is used as a light 
wave length multiplexing/demultiplexing circuit, wavelength channel severalNs / 6= 10, 
and the wavelength channel spacing 6deltalambda=150GHz (- 1.2nm) optical circuit for 
an optical pass arrangement can be realized. 

[0095] Moreover, if an erbium fiber is further used as this rare earth addition fiber using 
the rare earth addition optical fiber of semiconductor laser excitation as the optical 
amplification section of light amplifier AMP-j (j= 1 , 2, 3, 4), the magnification wavelength 
band of a light amplifier will become between about 1.53x10 to 6 to 1.56x10 to 6 m 
including the zero distribution wavelength field of a distributed shift fiber. 
[0096] Furthermore, it is NxN as a light wave length multiplexing/demultiplexing circuit 
like drawing 5 mentioned above. When AWG is used, the optical loss of a hit even a light 
wave length multiplexing/demultiplexing circuit ideal — about 1 .OdB — (— J. — C.Chen, 
et.al, IEEE PTL, vol.10, No.3, pp 379-381, and 1998) Loss of circuit Sl-j for optical 
cross-connects at the time of using a double-gate Mach TSUENDA mold flat-surface 
waveguide light TO switching circuit and SP-j Less than (A. Himeno et.al, 
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ECOC96ThD.2.2) 5dB, When a semi-conductor light amplifier (SOA) mold 2x2 • 
optical-switch circuit is used, loss of circuit Sl-j for optical cross-connects and SP-j OdB (I. 
Ogawa et.al, OFC98PD 4-1), Whenever loss of an optical circulator penetrates once, loss 
of a hit even association to about ldB and an optical fiber as what has sufficiently short 
about 0.25dB and optical fiber further for circuit connection When it is estimated as what 
can disregard the loss and the optical amplification gain of a light amplifier is further 
estimated at about 30dB (1995 autumn SHINGAKUKAI collected works C-216 besides 
Funabashi) at the time of the input signal reinforcement of -20dBm, the optical 
amplification gain of the net of the optical circuit for an optical pass arrangement is 
[Equation 9]. It is estimated as 30-1.0x2-5.0(0)-1.0x2-0.25x4=30-10=20 (25) dB. 
Therefore, it becomes possible to guarantee 18.4dB of loss of each section in the 
lightwave transmission system of 0.23dB/km of repeating span average optical fiber loss 
of 80km. 

[0097] Moreover, NxN For the amount of crosstalk of AWG, the usual thing is [ about ]. -It 
is what attained low cross talk-ization using 25dB and a phase compensating plate, and is 
[ about ]. -If it is estimated as 40dB, and the (1997 autumn SHINGAKUKAI collected 
works C-3-119) besides Yamada and the isolation of about 40dB and an optical circulator 
is further estimated for the isolation of an optical isolator at about 50dB, an excavation by 
the wavelength channel of arbitration will be suppressed like the usual light amplifier. 
[0098] Moreover, it is [Equation 10] when the optical resonator which consists of two 
wavelength channels of the arbitration from which two Fresnel reflection (-14dB) points 
which approach and exist before and behind the light amplifier exterior, and the 
propagation directions differ in the shape of a loop formation is assumed. Since it is 
estimated as 30x2(gain of the optical amplification section per resonator 1 round 
trip)- {14+ 1.0x2+25 [40] x2} x2(optical loss per resonator 1 round trip) =72[-132] dB, and 
resonator internal loss is large and net gain is not acquired overwhelmingly, even if it is 
such worst case, the oscillation of the light amplifier in this operation gestalt is 
suppressed. 

[0099] As mentioned above, the inside of an optical fiber is spread to the propagation of 
arbitration about going up and the direction of going down by the optical circuit for an 
optical pass arrangement of this operation gestalt for every wavelength channel, 
respectively. Or optical amplification is carried out. every [ and ] wavelength channel — 
the need — responding — each propagation direction — up Rika going down, responding 
the wavelength multiple- signal light belonging to two streams accompanied by a dynamic 
change of changing to lower Rika going up each time, and securing the isolation to the 
propagation of signal light And while eight kinds of optical propagation magnification 
conditions shown in drawing 7 realized by performing an optical cross-connect for every 
wavelength channel are realizable Moreover, input/output port is chosen as arbitration in 
the range which does not overlap to four signal light input/output port, respectively for 
every wavelength channel. Signal light can be made to be able to output and input and 12 
kinds of optical propagation magnification conditions shown in drawing 8 which is all the 
combination that carries out propagation magnification of the two signal light streams can 
be realized. 
[0100] 

[Effect of the Invention] As explained above, according to this invention, the inside of an 
optical fiber is spread to the propagation of arbitration about going up and the direction of 
going down for every wavelength channel, respectively. Or optical amplification is carried 
out. every [ and ] wavelength channel - the need — responding — each propagation 
direction - up Rika going down, responding the wavelength multiple-signal light 
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belonging to two streams accompanied by a dynamic change of changing to lowey Rika 
going up each time, and securing the isolation to the propagation of signal light And eight 
kinds of optical propagation magnification conditions realized by performing an optical 
cross-connect for every wavelength channel are realizable.. 
[0101] Moreover, according to this invention, input/output port can be chosen as 
arbitration in the range which does not overlap to four signal light input/output port, 
respectively for every wavelength channel, signal light can be made to be able to output 
and input, and 12 kinds of optical propagation magnification conditions which are all the 
combination that carries out propagation magnification of the two signal light streams can 
be realized. 

[Translation done.], 
♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of an array waveguide mold optical 
multiplexer/demultiplexer. 

[Drawing 2] It is drawing showing the configuration of switching circuit Sl-j for optical 
cross-connects used for 1 operation gestalt of this invention. 
[Drawing 3] It is drawing showing the configuration of switch SP-j for optical 
cross-connects used for 1 operation gestalt of this invention. 

[Drawing 4] It is drawing showing the configuration of the optical circuit for an optical 
pass arrangement concerning 1 operation gestalt of this invention. 

[Drawing 5] It is drawing showing the detailed configuration of the optical circuit section 
CORE currently used for the optical circuit for an optical pass arrangement shown in 
drawing 4 . 

[Drawing 6] It is the mimetic diagram showing two optical propagation magnification 
conditions between each optical input port which the conventional optical cross-connect 
circuit realizes, and an optical output port. 

[Drawing 7] It is the mimetic diagram showing eight typical optical propagation 
magnification conditions between each optical input/output port which the optical circuit 
for an optical pass arrangement of this invention realizes (when switching circuit Sl-j for 
optical cross-connects and switch SP-j for optical cross-connects are used). 
[Drawing 8] It is the mimetic diagram showing the typical optical propagation 
magnification condition of 12 between each optical input/output port which the optical 
circuit for an optical pass arrangement of this invention realizes (when switch SP-j for 
optical cross-connects is used). 

[Drawing 9] It is drawing showing the configuration of the conventional optical 
cross-connect circuit. 

[Drawing 1 0] It is drawing showing the configuration of the conventional optical ad drop 
circuit. 
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[Drawing 11] It is drawing showing the configuration of the conventional uni-directional 
light amplifier. 

[Drawing 12] It is drawing showing the configuration of a light amplifier. 
[Description of Notations] 

0-1 , 0-3, 0-3-i (i= 1 , 2, n) Extraneous light input port 

0- 2, 0-4, 0-4-i (i= 1, 2, n) External optical output port 

1- i (i= 1, 2, 3, 4) Light amplifier 
1-i-l Optical amplification section 

1- i-2-1, l-i-2-2 Optical isolator 

2- i (i= 1, 2, 3, 4) Optical multiplexing length multi/demulitiplexer 

3- i (i= 1,2, -, n) 2 input 2 output cross-bar actuation optical switch circuit 
4 Rare Earth Addition Optical Fiber 

5- 1, 5-2 Laser for excitation 

6- 1, 6-2 Optical isolator 

7- 1 , 7-2 Wavelength multiplexing/demultiplexing coupler 
8 Flat-Surface Mold Waveguide Base 

9- 1, 9-2 Optical I/O waveguide section 

10- 1,1 0-2 Slab waveguide section 
1 1 Array Waveguide Grating Section 
L-R i (i= 1, 2, --, n) Optical input/output port 
R-R i (i= 1, 2, -, n) Optical input/output port 

51- j G = 1, 2, -, n) Switching circuit for optical cross-connects 

52- j (j= 1, 2, -, n) Switching circuit for optical cross-connects 
S-j-I-i (}=l,2 9 ~, n;i= 1, 2, 3, 4) Optical input port 

S-j-O-i (j= 1, 2, --, n;i= 1, 2, 3, 4) Optical output port 
S-j-ADD -1, S-j-ADD -2 Optical input port 
S-j-DROP -1, S-j-DROP -2 Optical output port 

CS-i (i= 1, 2, -, n) 2 input 2 output cross-bar actuation optical switch circuit 
CS-i-I-j (1 i= 1, 2, --, ny= 2) Optical input port 
CS-i-O-j (1 i= 1, 2, --, ny= 2) Optical output port 

SS-i (i= 1, 2, -, n) 2x1 transparency joint port selection optical switch circuit 
SS-i-I/O-L-j (1 i= 1, 2, --, nj= 2) Optical input/output port 
SS-i-I/O-R -1 Optical input/output port 
I/O-i (i= 1, 2, 3, 4) Extraneous light input/output port 
ADD-I -1, ADD-I-2 Extraneous light input port 
DROP-0 -1, DROP-O -2 External optical output port 
CL-i (i= 1, 2, 3, 4) Optical circulator (3 port molds) 
CL-I/O-i (i= 1, 2, 3, 4) Optical input/output port 
CL-I-i (i= 1, 2, 3, 4) Optical input port 
CL-O-i (i= 1 , 2, 3, 4) Optical output port 
AMP-i (i= 1, 2, 3, 4) Uni-directional light amplifier 
CORE Optical circuit section 
A-I/O-i (i= 1, 2, --, 12) Optical input/output port 
WM-1, WM-2 Light wave length multiplexing/demultiplexing circuit 

53- i 4 input 4 output optical circuit 

[Translation done.] 
* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1] 

[Drawing 6] 

[Drawing 2] 
[Drawing 3] 
[Drawing 4] 
[Drawing 5] 
[Drawing 7] 
[Drawing 8] 
[Drawing 9] 
[Drawing 11] 
[Drawing 10] 
[Drawing 12] 
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tC^T^^A - 1 ©»fi^ * i CCttl£?*& 

i»J©» i ©^as^*- h i&<-n-en^r«**» 

jfe>7D^r34^h^^^^^(ilf&Sl - i, SP-i* 
fc^^ESSS 3 - ! ©l*rtufr©»2 ©*AA*- h i 

ma««*»«BH©««*»««:»r*«^A-2 

50 fc4**@g&S 3 - i ©t*T*ufl>©£r3 ©*AA#- t- ± 
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%tv?<**>? YMA<< 1 - i % SP" i * 

tckt^mtkz 3 - i ©^fW4 <ojtxt>-&- y t 

0Oa34^ HI** v:Hs]§&S 1 - i , SP-i* 

* jvk i tc**itf £#or#Jo335 ©*SAflH 
%?u**%>? 'vmAftfmsks i - i , sp - i * 

fci*£lslSfiS 3 - . <ZH >?tvfrO>n 2 <Cft&fi#- Y t 
<0g^ ^ * > * * A s tctfjfcir i> d£«]<Z>3r 6 ©*AIH 

jttuAm? uBx-f*?B»s i - i , sp- i * 
tc&amz&s 3 - i m>rtM*>sa4 y t 

1 - j t*, 

i * fci*ssra> p LCMKcMti *v 

*- h±<DHMd«m»2©ftWJ*- Ytn\<OHtitf} 
- h <Llif 2 ^Etii* * - b to>m «fc cm 2 ©£ * 

{ K = 1 > <h. 

** #V 1 *£im20>2 -5fl>^««*AtBAsl«- h 
1 ^0^«lffl*Affl^^- F 

si©3««*Affl;&*- h±si©£««*Aay}# 



(5) «B3200 1- 1 0352 3 

^2 CE>»56flH6AaA*- b ±£T 1 <Ddtt«*Att&# 

ft*?*- b £SS l «D*fWJ«AtBA*- H iOH^»< 

SRT&Cd3^'C**»l7b2»4©4' , W2x l 
&£*~YmRKX<{ yf^SS- i = 2, 
10 3. 4) 

^^a3^^ h^X-i v^^SSS 1 - j<^2<t*A 

Ask- b i htk 2 x i aaas^*- h ®$tft* 4 * ^@ 

SSS S - 1 <0$2<O93B«£AffiA#- h i 

SfiSS- 14(ft<<3jn3^D2x l^ig^*-h^!R* 
? *©^S S - 2C0Sl2^S«ftAffl^- b t 

A*- Y t UTia 2 x l h sstRjfeA ^ ^ 

SSS S - 2 <0* 1 <09f£ffilftAtt;frt<- b i «rtt^?*» 

30 ^SS-lfc£tfSS-2£lfc<ffift*^2xiisj&iS 
^#-h3giR*^^?^laBSS-3<C'^2O0»«I* 

A*- h iiiria 2 x i jgaas^*- h iaiRjfe^ ^ •? *m 

S S - 3 <om 1 <0^«fflJ*A«A*- b ^ 
^3^- F tmSZ 2 x 1 3^^*- h &WtX A 

40 2x i3ajatt^-i-aR*^^?^Eiass-4o» 

*^Oa2^^ W^^iSSS 1 - j<0^4C*Sa 
h 617122 x i DSaJS^*- h i2^*A ^ ^ *@ 
S - 4 ©*2«>9aaBI*Affl^- * 6«:3SAjfe« 

|jI22x li^^-hisWA^ ??@»SS- l 
<t>^ 1 «C^a»J*Affl*ai«- F ififia2 x2^a-m 
-S&fP*^^ ^ ^BSSC S - 1 €[» 1 C#AA*- h i 

50 |ljia2xi^ja^*-h^*AH'^? L lslSfiSS-2 



(6) #032 00 1-10352 3 

<K>m\<»i*mm?^ft#-Y tmz2*2 *** ** uttu**** hf§;w??sp- j©93©ftAA* 

?®&C S - 1 vnZVjtAfi*- Yt <L|ylS2 x2^DA« /<-«W1ift*.Y v *0BSCS 

£$g*#«i£B8±, - 1 fl^«I>2 x2?Da- ;<-*Mfcfc* ? * 

frri2£ x i &iSI±^*- h 9 *B5&S S - 3 BBSCS- 2©ft 1 ©#A/3#- V t ttkXHX&gt 

©ft I ©£»ffll*fflA*- h il*£B2 x2?DX-M- 

fMWE****H»CS- 1©»1©"*«;M<- h±* ^PA3^>h«X^^SP-i©Sf4<weW3* 

i3&g$*^*^hsM^^^^^ll5SSS-4 - 2 ©92©ft AA#- h t«r«^S5S4. 
©ft 1 ©*««*AaWj#- ^ ±11512 2 x 2 * a * • a* ^ * * YM* A ? * S P - j ©9 1 ©fttiW* 

-rtfW**9*E»CS-l©92©#ffl»#-l'± 10 -h42x2m-;<-flff*A-r^WCS- 

€r^*»SK4S:WriC ±*&®£?Z>SWm& 1 . OS - 2 ffl*l*©2 x 2 - M-MfF* 

«©*><* - r b>^jiftBss 0 * ^es&c s -3©ft2©ftaw#- h 

j# ^DA^n^ ? ?SP-i ©9?©#aj;&# 

1 ■* tc\tm> PLC £S±tc<pft* ft, . - b £ 2 x 2 * ox - j<- Aff «a ^ * *ESSC S - 3 

S*^Slfecfcra2«C>2^<Wfe\**--hi»149J: ©» 1 I* **«*«fl«Bi. 

.tfft2©2"?©ftil«J#- h #*u*:2** v*SP- j©93©fttitfj# 

ST 1 ©*AA#- hi^l ©#flB*#- h £©G54*J:cr -hi2x2?OA- j<- AfE*** ? ^ESfiC s - 

m2<oi/u^-Y£mz(oift^^-Ytcc>m^m^ 1. cs-2. cs-3*6<fln*©2x2*o* ■ 
#*sM*«tt. 3&o»i©«ajj*-h 20 m-bot**-* **B^c$-4©ft i©mfr*w 

*- h£©Hfc«J:tf92©ftAA*- h±92©ftiltfj ££&&#«&BS±, 

#-h£©B*R<£r©£Affi#P-tn'ro*** **oxa4* m*-f »*sp- j©»4©*atfj# 

91 ©***#- h £92 ©*»*#- h iC0H^J:tX ©ft2©*BWl#- t i*aMtf«»tt±, 

92 ©#AA#- U^l ©*flB*#- h i©H-c« 2 x £ * p x . ji-tof&L* 4 * ?BBC S - 1 009 1 

**3Si&$tf . 1 <dh? J]*- b ±92©ftHtf> ©fttti**- h ±fln*©2 x 1 hsft* 

*- h±©B*«fctf92©*AA#- bt&KOft&fi *<< **B»S S - l©*2©»»H*Afltf)#- * ± 

*- h d©R3*r£< £T-©ftA£A#- ram-si** «rtt^*»aasi, 

^«T^C5giRT^C 1 7b^94 2x2^0a- ;<~tfrfl:ft;W * *|*iBSCS- 2©9 1 

<D4^2X2^DX-^-^^^?^BSCS- 30 ©ftm»#-h±W»2x ia^£#-h«KftA-{ 

k<k=l. 2. 3, 4>£, **0§&SS- 1 ©91 ©£&«!* AHW*~h£*:tt 

;&*#9 i fe^a £ 9202o<D^?l7t7vJi3^- ^ «W5WB4. 

cfctf 1 -?©£RWfcAiH*#~ r 2 x 2 * Pa • ;<~affft^ » *EB8C S - 2 ©92 

9 1 ©»««*AtH**- h i9 1 ©saMttAma* ©ftw**- h <t 2 x 1 f swat* 

- h &C[««c(S^**3SiaSH*. 3^09 1 cr>^«»l*A ElttS S - 1 CTn^©2 x 1 SiS^*- 

h i^t 1 <?>&^M^7v£aA#- ^ ±o>mz&.< *^ikss s - 2 09 1 o»r«*ash»#- i- 

92®»aiB!B£AEaA*- H <t9 1 ©Si6flH*Am*# 2x2^Da- -r 7 *©BSC S - 1 ©92 

- h iOMBtiI*fc&3afflS*. ^»2©»»«*X ©5tttl^4<^ h i|5IE2 x 1 SWIM- t3KX*4 
ffi/j^- I* 1 OfiiWBftABB**- t«WH»< 40 7 S - 2<?>92©»««*AttW*- h 

aRK-r&C 1 7!?S94 ©4-^02 x 2x2^DX-^-ftf?^^ 7^055CS-3©91 
ttd^^aW«X^ 9 ^B»SS-i (•-!. 2. h i 2 x 1 Sgjg^*- hig4K#* ^ ? ^ 

3> 4 s (<t bkss-i. $s-2*i£<<5ina*©2x lsatt^r 

xVoka4^ FBX^^SP- j ©9 1 ©ft A** #- haw*^-/?f ^BBSS-3©ftl©«S«*X 

-hii5]n*XD2x2 ^d^- ^<-ttft*^^ 9^BS& tU*#-|-4*tt**»«Bt, 

C S - 1 ©92 ©*A*iK- h * *ttJ5#as»K±. 2 x 2 ^ D X * -f <-Uffft^ 7 ^©BSC S - 4 ©9 1 
*^A2*n^v?SP-j^2^W3*. ©«A»#-hi2xiai«*d#- h»«**<f 

- h i|5eB2 x 2 ^ a X • ;<-ftffft * * ^ ^©BSC S BBS S S - 3 ©ft 1 ©3««#Att5*#-- ^ i «: 
-l©91©ftA*#*-h«t«rtt*ft«asS^.. 50 «^BSi, 
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2 x 2 £ a A • -k-IM**** ? *©BSC S - 4 

BBSS-'l. SS-2. SS-3£f£<<5jn^<D2X 

1 h«R*^ ^ * S S - 4 ©*2 <J> 

2 x 2 * P* • -><-*ff**^ ^ *05§C S - 3 OB 2 
UBS S S - 4 ©B 1 <^>^S^J^^^#- h <t 

2x i&jft**£#^FSfc**-f ?*EWSS- 1^>» 10 

1 ®6««*AW**^- h <t 2 x 1 iSiS^- h£tt 

"</ ^ fiK s s - 3 fern 1 <o&mwj&n#~ ^ 

i4«**»»Bi, 

2 x 1 V 58«£x-/ ? ? S - 2<O0 
1 <5^»«l*XaW?*- h <L2 x 1 Sgiift£#- bigt* 

i £ &*<#«&IK ± * WT * C £ £ ^ 5 

[|g*3f8] B5SS2x2*p;w<-jBK^#*-f 
EBSC S 1 7 ♦ % y * > ^S2TO«?6I8*T O 20 

^S3$i£S&#T Oa-T 5 ? 5 fctff* 

h7^-^0 *ffi¥ffi«S&#L Ka ^ 7 ?B5& 
*fci*^#rtyg«s <SOA> 322x2 ^B 

4>£'<A - T U > ^*0Bo 
[B$J&9 ] BS22 x 1 fiiiltetf- hSRCx^ ? 
*lejBSS S - i &s -*?^*y*> 5TSSTO«KB*T 
0*^?*BB©4''^£Aii52J#- M>^fc. fRitufc 30 
3^cc^sffi^-K*mv^31S3hfc€>0>. Sfcli 

7?0^<£4^<£;£AE:fttf~K<P5*>> 1=1*13^3 

#tox-{ ess^ cns> 4 - 

^S^^TOa^ v *@5S»DftASB*#- FIB 

^^^^fliSSaiSiicTOA^ **B5£»<Z>#A 
tB^a^^SB0^6nfA$n«2-x 1 
h £*R#* * ^BSS. 2 fcl*"* * ;> - V 
iV^a^H^SSfijfcLN^^ ^ ?®B<D4*X5*AtB 

&?ifi«;&5££ LNa^ ?BSS<»4 ^<^Am^#- 



**KH2 00 l-l 0352 3 
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b&oxa ffift*-- hia £ bg> ^ 

3<W*i*\* ?*>ro¥ffla»«B*LNA<f 
Micn^3-^)-7?A • ^ * > *T5«F®5SRS#L 
N^W? ^HB»©*Aiti**-- h Bt:tt^j^fi8M> 

BBX4»Ja$ti*Ci&#ai^*B*ir6*A:tt:7fi 

[B«R1 01 EjiS#*a*:2** h^^^^^SS 
S 1 - j I** 

*- h» "B3 K ^4^ffl^*- £r 
4©*A**-h. SF3©*AA*- h, micC'lfeAA 

2x2^PX-^<-Iii^^^^^0KCS-k ( k = 
B2©*X*#-l-, ^lcc-^^-h, ^ri^ffl 
B3n, 

4 r><02 x 1 Siatt^*- h^jfe^ A v ?BBS S - 
1 ( i = 1 . 2. 3, 4 ) Vt&Mh*- YitfOSLkm 

&fi>mx, Btit 00 tcsr 1 <Q$$Lm&\ftJi*- h % n 
2<z>^a«*Am**- h . B 1 O^gftbfcAtil^*^ 

M^. #t<D2x2 i?P^ *. > <-t5^7£^^7^0SSfe 

IgWfc^niCi^<t0, §U'2x2^oa- 
?<-Bfp*X-/ ?*m?&i$£V2 x 1 Sj&sS^K- h5g 

tu^>A9fiB ^> t c »SSBic ftr -? r i » « c i 

BB±B^&B-C V Bfgt@0tc*^o^a4 hm^A 
?^SP- jCC'^2^>jfeai^i<-h. ^lC^HiAJ*- 
K B3<Ojfedi^4«-l k . i4^*-K ^40 
*A^J*- I- . .^3 v>%Ktj#- ^ . 9 1 OitKMfi- 

4 0®2x2^da - /<-AffXXV ^*BSSCS-k 
(K=l. 2, 3. 4> eXAttM<-t*BB±njfl» 



(8) 
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li§ia&<£tf- h5EiR#*^ **BISSS- 
i ( i = 1, 2. 3, 4> ©*AfflAsaW^«±iH 

2©»««*AHtf>#- i - h . S 1 ©£8«(*A1B*1#-- 

R(C. #*«&2x2 £P* • ><~IM*#*'f **B5M> 
ffimt>%&&ic*>*cx. Z>tlZ CtULj:*). &*4>2*2* 
p* w<-*M**A^*?B»^Aa*~k 10 

*- hBttt^wnao^o^ieasfiKi^i^r, 2 x z j? p 

* * y *m&C S - 1 <0W2 OUtiM* 

2©iP2Q<>ig«i*Ata^#- ^ <tcc.fa % 2x^pa 

• ^<-*ff*^ ^ s *BISCS - 2®m 1 G>#Hi/J#- 
h £ £ x i h xstKjfcA^ ? ^BSSS S - 1 

-3<£332«!>£AA#- h£2 xiggft^- hjgft 

* v S S - 4 0* 1 OSKfcfefcAiS^*-- H 20 
<tcCf5feJ:t>'2 x2 ^P^ wt-IMWCA-O^HKC 
S - 40>W 1 <DH\j)#- b t 2 x l I* >g 

^ ? ?BBSS S - 3 <OW2 <»$mffi*Jtot}*~ 

*mrr> % if2 ^^gsu, *i^kw6W?# 

[iS#2? 1 3 ] aS^«tcB9r *SMTA - 1 . A - 
2. A— 3 > A-4£Ji2i«U ^E^lCxSOfcl** 
7viti^£^S£^rf#o 1 ^OT U 

?«£»«<CW**&^A - 5 , A - 6, A- 7. A- 

j. SP-j. te*U'#mto$3->t. . 
flE7U-^&m5#BKWM-- 1. WM-2 0C#A 
gtfjtf-* h fc<fctM A^4tfi;tofc2P*:2* >? h^A^ 
??B5SSl-,>, SP-j, fcJ:tf£BS£S3- j 
<j=l. 2. N) (Ol&sfiX-VtoZVUtitf}* 

r-SfiRsn^as^aaBSfife^^^p^^^f ^ 
^ * *bk.»t\ 



4*032 0 0 1- 1 03 52 3 
I 4 * 

*i*»ceot?m2, mi. m3, nA<o%m&&h)bp 

*- h (A-I/O-d-2- i. A- l/O-d-1 
- i . A- I /O-d -3 - i , A- I/O-d-4 - 

t > cm-cmA/cfeQ. ^cn^cc^.§tc^t?c» 
M- icc^t:«AU^-i'^m2. sri, m3, m 

4C^fi!)jfeAtBA*-h <A- i/O-d-2- i . 
A- I/O-d - l - i. A-l/O-d-3-i. A 
- I/O-d-4- i > CD««±«f*BO±l*aSH*J«: 

^e. ^5, m? v ^scc^s^AaiA^h <a- 

I /O-d-6- i P A — I/O-d -5 - i. A- I 
/O-d-7 - i, A- I/O-d-8- i ) ©Ifttt? 

h^j: o'^j&r * + > ^ **** ^ <>^»icr^A 

iiji27u-«a5S¥pa^BfiwM- 1 cc^Kwc-as^- 
* + > 4 a tcK or <^^c-jii.§ £ #ei* cciSB o rra 

©KSl-j. SP-j. 4($J:a'^B5fiS3- j (j = 

ss^pa^iEisfiWM- i oaatfoi&fi? * >**s©* 

3^-^Si<D4 ^/54 UA^^-P^a*^ ^J^^^ 7 *B 
SSS 1 - j , SP-j, 4Q^O'*fslKS3- j < j = 
1. 2, ~. N) <K>fttbl3#~Y0>mWffl±<»*lf£&Z 

gfi^ffl*BSfiWM- 1 ci>»a«toift*^ * >*>i>n<?>& 

<C'MCX<^miS i ^Sc 0 *Cpj O JH#4: >^ T 

K-^®±r'7l— «att¥ffl*BBWM- 1. WM- 
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-j. SP-j. fcJ:tf£©5&S3- j (j = K 2, 

1 4> J: 5 StUS&OESfc £ O'fSeSr* 0 . 
Tl/-««SS¥ia*iaSfiWM-r 1, WM-2i)^4A 

P-j, fcJ:tf&ES&S3- j <j = l, 2. -, N> 

1 . 7 U-^R5¥M#EFBSWM - 1 . - 2 4a J: V 

j. SP-j. 4*J:tf;fc[silfeS3- j Cj = l, 2. 

a>*>w#$n. ftAa;W-^£A:63n;3Uv/3#-- 
#KME<*n. axil*- btjt&ti*- 1 ±<omv\t 

[000 1] 

Oft*'!* - 7 bV^SAESfitcBflr*. 
[0 00 2] 

EI94cSj:f/Sg 1 0(0*%?. iSg|tC*H>*C, 1 - 1 . i - 

2. 1-3, 1 - 4 1 - 1 . 1-2. 1- 

3. 1-4, 2-1, 2-2, 2-3. 2-4k*-fcfcg: 
<£&ffi8l2-l. 2-2. 2-3, 2-4, 3-j (j 
= 1, 2, n) i*2A/32&7}*o* - M-sBff* 
X<<?*M5&Z- j, 0-1, 0-3. 0-3-1-0 
-3-nUtffSfrfcAA*- K 0-2. 0-4. 0-4 
_ \ - 4 - nlttMEfcfflA*- h'C*>*o 

[0 00 3] ISQ^C/SlOnijdU'C, *tei»lBl- 
1. 1-2, 1-3, 1-4 1*. ft&mS&Oil&LVM 

tt6*VCt'£* »*tfi«Bl-l, 1-2, 1-3, 1 
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' K^TJ^iC. 1 - i - l&Bmccgfr94>jfc£ 

33Wi$iflE>^K:ffl#*<[>e»*»«'r ^ v ^ - * l 
- i - 2 - I4<5<fctn - i - 2 -24Wt6frCt»6« 

[0004] XfeKBl - 1. 1-2, 1-3, 
1 -4<D*.^Sr^>^*«<e^iLXli:, — S5U:®iS 
^4£^u-lfKJ:^?3W7f6JJibi§ (0 1 2 a > . b^1& 

<@ 1 2 d > . ikftm& m 1 2 c > <d^±^^ii* 
io 77-/^ fc«**»#ffl©*ya*M < b 1 2 ci > &am 

[0005} &±&?mtt? r A}*®** ^ tc%*. as 

i**. teM*±a^urw, i- 5x10-601 
aWKci. 3x i o-6m«stcPr 3+^nc^nr 

t,** <0JS<&. 159S!^m^S&S:mC215 f A. *ton,et 
al. 0FC9?, PDPi£?J?(> . 

[0 00 6] @1 2Kfctr*T. 4I£ff±385ftr7' 
20 t^^<, 5-1. 5-2ttfl8SJSU-ir, 6-1. 6- 

2i**r*fyu-*, 7-1, 7-2«-a^&^«^^ 

[0 00 7] «TSt7J(C. &$iCmm*Ott*!? V 
5 h |«i5&K*H>*C, *M»AA#- V 0 - 1 , 0 - Zi*>*> 

i. i-3r-£*e*g$n. «n^^«^&^»»2- 
i. 2-3r&ft^*o*ju<^i^^K:s£3n 

30 nA:fi^*ii. «ne4^u^^^>4^ic*j!r.f * 

-^*A^^^0§fi3- i-3-ii«:a***i. -en 

[0008] cccffl^stifeit ^^a*. <-nenisa* 
^ > * «U tc^>^ 0 > J: ^ fjr 2 o<E<s##cog* 0 
sur^KS^i6^2-2. 2-4^c^S$n. 

*iSl»IS 1 - 2 . 1-4 C n^cft, 9\ $mt>* 
-K0-2, 0-4^^>di/D$n^. 
40 [0 00 9] iiU^OA34? MilS£lc4$tf&J* 

^cc-^ * * > 4 JK^>©^#x , t^W^oXa 

[0010] vXK, 0 1 O^Tjfer K - KP ? 
©afftC^t'-ClSW^ 13 1 0 CC^TjfcT K • h"P r 
^KKfct'-C. ?f^A/3?J<- h 0 - 1 i»t>K1)ZMc 

^€>*»s^»a»2 - 1 -c#aa^ * >*,'K£f!^jfc 
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V}*>titc9WK*#- hO-3-1^0-3- ii^fcA 

to o 1 1 ] c<£ajA$ftfc«^j&*. •en-c-ngg:^ 

* > * ;U tcm»#£ t> c > J: 5 <t 2 o<£{f^#<£|j|* 0 

aa** * A»«cntw6nfcrt*Mii**- h o - 4 - 

l«.O-4-nft>&l r 0 9*' (DROP) 8H*fB^#± 

ft. fl&ffl^#-F0-2*&aS;*J3ft&. 
[0012] ±&l/fc;fc7 K • K D ? ^EI»<Ottff CC ct 

[0013] 

[0014] jbiaKffi^xssn&fc^r, 

* >* .'US«:±»i fc<fctfT0 ^fa^ra orffSoe 
teens n, n-en^i * * > * 

£ o r & * £H£$K#r5J&± 0 *» 6T 0 5 fcittT 0 

?t 5 C £ tc J: D ^31 $ 0 6 tc^-r 8 31 0 0>?i&N& 

1TC&Sei7fcW 1 2fflD©*G*a««ttSR©*?R<: 
[0015] 
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fc*ft^na:ft3tt£it^:fc&A^t, Kfi^^W 

1 0 0 I 6 ] a*JH2ia«<!!>*^^ 15*^ 1 
10 [ 0 0 1 7 ] **c »2fbH3Satt0*%W*. ii*^2 

ux&fi? hm)t>v^<-Mx%*<<?*t. com 

[0 0 1 8 ] «*K48a»«E>*afllK*, 15*^2 

[00193 igjwrssaftc^ftW. 1 n^M$> 

- h . *Art#- ^ > ^ «fco*flU*#- ^ 
wt^i r5^4<D*-^-4 t *u-^i, mizmi n 

40 i *t i cctfjsu-cttttstiasr i q>a^(t>%?^^^ 

^. 4dJ:CXS^104^5tAJB^-l fc il»^*® 
2^4o<Ojfc\tUA*- h 1 Sfet*fe»0C*« 

^^^^^i. . B?e2£r 1 7bS^4 <^^-+ j. ^ 

2©4^*\mA*- hx-^i r^^4<D*^-+* 
ra«:»ia$n. ^ir^^4<o^-*^u-^©<-n 

encc*ffl^sK- h^6^i2^^^^?m5]5ficc^2<0 
so 4 r><o%x#A*- ^ ccrfiad^^isiureiRT^^fg^* 
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^4<&#ffi£#^«tU &\<CHJsJ]#- VtW 

2 v twmte&vmzvii?^*- Ytn 

OlLKft*- h £2sr2<P£WAtf- h i<0^fei:^3 

Ztc\Zft\<»^t>#~Ytftt2V>Jtftt>#~Y 
±©HfcJ:t/*4<WU^K-- h ±»3<&#SW>5t<- h 10 

±<Efi5T'^££5&5&.stf. ®*a*#- i- ± 
h t <zm ** j: 3 oft ht># - y t m 2 v>im - 

TOC-fcAA*- h ± jfeStf)*- h £®r*C«*£»« 

Y £<m* J:tf £3 W/J#-> £3*4 

*W4G>#Stti#- F 4C'H«r»<± , C<Wt\^sl«- h 30 

ttimx*~Y£<»mxm^it&mi?z>i>>* 
2ct.^aA#- h i ©7t^*- h <t<?>ra*3<*:cx» 
4«.^A^*- \-tn3<oa$tf)#- Ytomxmmt 

- h i <on <*: im 4 <o & a^j * - h i ^ 3 o> a w* * 

- h £<?!>BS£|$< ±XOftXJ}#- h <t*ffi*#- h ± 

gwcie*** £fire . s tc \tm 2 h 

i.^3^.ffi/5^- h iCCf^icJJ:0'^4^AA}^- h 

i t <tcf^r'<i^^iiia$^. 

^2CC-*7^^^ h *»30C*ifcto<- h 4G>W4*J:tf 40 

^/ci^2^A^*-hi^4 0^m^i< 
-h£<Dmvmmt*:&%2l*s ^£2<£#A*51<-- 

h i^4 <E>#ai/j*~- h z<om* £im3o>t/t\ij#- 

Y <L£ i o>Miti*- y £&ra&E*< £rwfcA:6tf- 

5giPsH]re^ 4A/J4 S^5fe ^ a ^ 2 * * h A ? 
S&Sl-j ( j = 1 , 2, N) . SAiii^lTb^r SO 
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hiM2cC'^t*1^*- hiOfe14o^O'^4CC'5feAA 

1*. ^^lC-^A^*- bi^2or.7feffi^i<- hiO 
lS4dJ:o^r4C'^A^*- h<h^3C«^ta^*- Yto> 

h t#4V>it$&*- h icr^feJ:0^3<?>jfe 

a^- i- i*awj#- hiooMr-m^^aKr* 

3^. *Aiii^lcr.^^^-Ki^3cc*ffi^-hi 
0DH*JJ:iXJar4©*A**- h i^2C*JB^- F <t 

30C>;fcffiA*- hiO^J:^4C?:^^i<- KiSF 
2^ffiA*- hi^>fe1^:l^<^:rcC'5tA^i<- h£3fc 

*a^?*- f £3* i o^in^*- h iccKife xims <?> 

^»20*A^}#- V tm 1 W££*5tf- F 

i C'ftfcWj*- hiOH*J<fctX3ST4©ftAA#- hi^T 
OltKft*- h ^3 (O^m^*- h i<^^<^T 

tvmx'mmiZT&y&z*. iP^nz(oitj<h#-Y t 
nz<o%&j)*-Y t<mi$*v'm4<oift?<h#-Y± 

n \ <D%&t}*- Y t<m%&.< &X<OftKJ)#- Y t 

y £«mx'amt*&&i? zip* ztc&m2 

^AA*- h 4:^4 OftfcBA*- h <t<J>KI*J^^3 
OKKftifi- Y I OUtito*- h d«Bt?fB^** 
iP^2<D%\Tj^-Yt^^(D^mti^ 

Y L<rj&*J:imZo>%ht)#~ Y t& l o>itmt>#- 

Y £<DmL&&.< ±XO>%ht}*- Y tUftfi*- h tO 

ra-em^#&&KT&a>. * 1 <oit?<j]#- y t 
mz<oit\&J}*-Y t<vmte*u'&2<o%j<j}#-Y t 
ma <oyt&J]# -Yt omxit^ft* isia $ it . a^sr 
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3CD5KAA*- h^^icc^ffl**- h*c>ra*$<fcex» 

^^3 0£AA*~h£^!<D7EW^# 

^4CD#AA*-- * ±3r 1 «WMBA#- I- i<Dfa4(?J:tX 
03C-#AA#- * £^2<E;fc£B;teK- F &OM»<. 

to?&&&&&izmim&ZL *?sii4 atf* * o * a * 
n^x^y^sp-j < j = i, 2. — . n > . *fc 
tigs i ?&aA<rj%?<h#- Yx^imi tjssmo* 

nx-v ^tc\m\<o% 

A:fc*tW iff 2<!>*ai^- F i^feJ:^40* 
A£tf- F £85 3 F icc-Ht?*»»ia*tt 

- h £<7>E3fc 3 <WE A*3*- h tW2 0>%titf}# 
-h£V>mX'1tm$iS&£t&Zt* <:<J>\b<Of<X<DiLXto 

#- h ta&tm- ^ *r&*8T *tc\rm i <£#a 

h £S3<P#8H;ta«- h ior^J:CX^4cc*A 

ex. -eo^oT^ro^A^-hi^^*- 

3£T*;!>\ Wc«»2W£A^*'-biSriO«a*sH 

S/cv^2^>7tA^*-h^3<D7tHiAi< 

- h £e>eafc<fctf^4 4>£ A^#- h 4* 1 WtaW* 

±£T4 h i<?>r^J:CX^3<C*A 
CX. ^OfifeOT^rWfeA^*-hi7taA*- 
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gfcoa i <w£A##- h <L^3o£tfi^* 

*- hi*ffl**-h«r«*r**. SfcW^l ©*A 

CX. -e€E)AW<rTOftA**- h i^ffl^*- h«r* 
SST^ 3J/ci^3WtA^*-hiSr4^aiA* 
- h i(DISIfecfctm4<W£A^i<- h i02O^ttl^* 

*- hijfeta/3st<- h«:K«T^. Sfcli^r4C*A 
F i01 I- <tor^J:e>'^3<C*A 

CX. «(r>fe<DT'sr<D*A^i<-l-i^ffl^*- 

3g-r^w*rn*xo4 A/34ffl^0sss3- j (j 

= 1 . 2. N> ©^fW*8l^t>^^. 

f. -cnenBBsn, cn^<on-Nisi<^4A^4ffi^ 

20 fc«4A^4m^*T5llSS3- 

F **<fcex#Stfj#- F i cn^>wtA^*- h to J:ex* 

UZ>1L>*& - 7ls>i*mJi^S%X'$>*X* |?IB^a5^& 
^©SS^jfcAttlA*- h ^ *«fi^ * >**><D9kiS 
LO= { A j ) <i = l. 2. N> 

£&A-1.. A-2. A-3, A~4, A-5, A - 
6. A — 7 , *J<fceXA-8^.^l/. «%ft^^SB» 
30 o#Ati#>*- h«Mti«»«»*A- l^MRaK^^ 

AAttlAK"-' h CC-.^A - 1 tWOipj*^^^.^ A - 2 

S^S©SS«:*Affi^-F<O^A-l. A-2« 

^■(ein^xDm^ a - 3 (om&xb* £i&m<»& 3 <^>a 

40 <DmSfi>- 1. A-2, A ~ 3 J^H^'f^n^XD^ ^ a - 

4<om&x&z£miv>m4<»Amij#~ f i^4<^«- 
m.^^m^m-iu^'ti^- torn sa - i , a - 

2. A-3. A-4fe^KC'(pin^O^^A-5CC^t? 
«>^^i8!l^5<DAa/3^- V t&\<?>%&-** U 

0BSCC*Att3A>5t<- KD^^A- 1. A-2. A-3. 
A - 4, A-5W<^>fiItl^O^A-6<D^^C*>^ 

so ^A^^-hittt^^awi. *aR^>s@a 
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0>&h&£}*- KOS^A- 1 . A-£. A-3. A- 
4, A- 5, A - 6 WteF\MW>*££iA - 7 CC-^Sr 
7 OA££tf- h <t * 3 * ^. U 
-*<Z>#AA#- I- ±&*4j*#««B£. *3SS^»« 
@&<£#Affl/5#~ 1 4>£SA - 1 . A- 2. A-3, 
A-4, A-5. A-6, A - 7 £M®fiJ*l*>G>gdA 

- 8 ©R*-C* *^lfcfl*Z>l|I 8 <*>AW /3* - Y L & 4 <D 

U- *WfcA/3tf~- h ±£*M<:fc«&B±, 

»2©*^-**U- h 

SS£. 1922393 ©S-*|Si**e«*S®*AA*- htm 

maff 4 » u- h i 

«&B<h, 4ttS* + >*A4E)ftdUXD|KA i < i = 
1, 2, N> tc^-r^^^cJ^^^ ^ hlfi*^? 
*lsiBS 1 - i . S P - i £ fcl*;£@BS 3 - i 

^£2£K&rr*^A- i<*>i£^ + >*A,a i«cj* 
%>?ax**>?Ym*<<?*m*s\ 

- i . S P - i * fcifcfclsJBS 3 - i <oi>?ti&<on2 

jfc*D*:34 * h53*W sr *lsiBS 1 - i . SP 

- i £fci*;fc0BS3 - i C-ir^n^CC'^3CD7tAA* 

#!siBS 3 - i CDl*?'***®*' <DiLkjl-#>~ Y £Bf& 
i«c»x5T*»-»««:'W4<0*AHtf?* 
h^^^fiiSSSl-i. SP- i Sfcli*0BS3 

n^mtr ^^o^^^n^^? 

^IeiBSl-i. SP- i *fci**0BS3- i <ZH>T 
n^CC«2<D*tiW*- h &Eiig2^££ft%Ln]BG>{ft 

tt*7£»SSSi. ;fc*D*:3** hffi^^??@BS 1 

- i . S P - i * fcttXHBS 3 - i ©l^«»3 

<weiha*- h iwsajfeftS'&^aEiB^as^att: 
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B&. I- fll****telHSl-i. SP 

- i $ fcte^BSS 3 - i Ol'fn*(D»4 0*B«J# 

[ o o 2 o ] »jW5 aa«t©*«iii«:*-5 r tt. s*A 

2. 3, *ic&&2ntcft\n^4<&fc#~**l'~ 

»4CD4^tt*|fil**«*S:*irO. WWHtttft* 
-H/O-1, 2, 3, 4<^>fe1tC^»ri37^^8 

[0 02 1 ] *^©fi**f6ISS<?>*aptt, 

nx<?^Biisi - i5fci*^<^>PLC^« 

±KU&&2tl. ^l*}J:3:^2<92^C•jfcAA^-^^ 
^!4dJ:j>'02CC'2^a>7tlll^*-h^^, SU«># 
A*?*- Y 1 <D#S:6tf- K 6<D®*£O'm20># 

?<3j&- y tm2<»jtftij#- y ±®iarfi#££i&a 

1 (DitXtt- Y 1 CC*£ii^#~ h t 

<om*$* on 2 cc*aa# - f i ^ 2 oc*ta^^ -hi 

i». *tc\m\<Cft?<fi*-YtmZ<Dlfc&t>*-YL 

i a*- h io^^r^< ^rc'^AiSA*- h ra 

*-Y*£V\^<Oizm*\1tX\hf}#-Y1ki&k. m 

<o&mm?>j&*i*- Y±m\ v>ismmj^&tf- y 
htsriosa«*Atttt*- hi<^fei^<^r 

t^Ci^^ll T3^4 04 ^©2X1 i^ia^ 

h3S!R*A-<^^lElBSS- i ti=l. 2. 3. 
4) <b, ^i?D^34l>h^A^^^^l§SSl- j<DSF 
1 CD&AAtf- h i^^CD2 x i gia^tf- h5g^ 

jfe^^r *H55S S - 1 <0& 1 <7>^S«J*7va^^- h 

S 1 - j cr>^2CC*A^- h tWi&2 X 1 5Sia^i< 

- h iMiR*X^ *lElSfiS S - 1 OSfS 2<09^?l7tAffl 
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y miRjt* a ? f mns s-\*f&< 

o>2 x i HMiPvjfe^W ? ?E*£S S -2tf> 
exx* i? vm*-* ? l - j<E^4 0:fcAA* 

*0KS S - 1 teJTD'S S - 2 £lfc< mMy>0>2 x 1 5S 
Y <f * ?li]5£S S - 3 <DW2<0$%i 

l-m*-* ?*m&S 1 - )<0m2V>JLtitf}#- h£pS 
2x l &5&&£tf- higlPdtA-rf ??£E£SS- 3Q£* 

-1. SS-2. HJLUSS-2Zf£<Wft1»<02x I 

IB 2 x 1 Y s»tf!;£;W ^ ?ns&S S - 4P> 

m2<c>$ftWft\&fi#- ttz&xx&ft&t- 

2x \ &Mfc£#-YmiRiZA J ? ?®&SS- \<K>W 
1 <D£&mithti&#~ Y £Wi&2 x2^Da - 

%k*ft&m&t. i?aa2 x 1 h miRftAj 

■7 ?mn§ s - 2<vm 1 c^^Ato^* - k ^biib 
2*2i>aA* 'X-tbifftm ?*m&c$- K0&2 30 
oyfckti*- Y i*^^^S<t. MS2 x 1 inift^ 
h igttjfc* ? *iiBSS S - 3 <3C« 1 (DS&mift 
Y ig5l22 x2^Da- ? *@ 

SSC S - ! <om 1 Ojfcffilfctf*- h i £*§^:te!?&B5±> 
lijga 2 x 1 5S»5S^*- b sfiftjfc* ^ ? ^ESS S S - 4 
<D£ 1 (DG&fflftAftfi*- Y tm&2 x 2 • 
-^fT*A^ v ?ES£C S - ! <D^2 Y t 

&t&J&&m& i «: WT * C t « & if 
[0 02 2] lB*3g6I2^C"^^^^rii. 
A3** H3****[ai«$ 1 - j*Cti\ m\<0iLKt> 40 
*- h±S2®*iHA#- h<t<Drafc«fcO'333©#AA 

1* 1 <Z>ftA^#- h i02CC-7tffi^*- h i(D 

fe14o^:0'^3©7tA^*- hi^4CC^^*- h±<D 

^^K^^^ *A:v^l<^*AA5*-h<!:^2C[> 
^ti^*- h i c»l J: tfm 4 OAA^J* - h i 3 0> 
MitiX-YLCCmX'm^JcZm&ZiZs *>^io* 
h t&20>Jtftti#- Y t<om*£Vm4V>lt 
?s.tj^YtmZ<O%^ti^Yt(0f^^A±X<^it 50 
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At>#- y i^tii^*- y tvmvmmtzgSfi?* 

<m&Z OWZ <D$J<t)#- Y Ln2<0H&}}#- Y ± 

y tv&vmm&zg&v&fr. steam v> 

fthi3#~Y£f&3<»Miij*~Y±<om*J:lfm4<» 
fthll*- Y i^2(*li^- Y ±<QElX'mnfc£ft 
iPr>m 1 <W6AA#- ^ i^3^ffi^^- h 

, t<DT**:&<±X0>1t?Jj#- Y LUmMfi- YL<m 

4©^^*^ b±o>mxmmt&i&%2'its ^m2 

5A:ii^2^*A^-^^^l<^a^-^ 
i<Cf^feJ:O'^4<0*A^- Y £&30>Jt&/j#- Y 
t<Cf*X'&m£Z&&$#. tmH2<0lt?<h#- Y t 
HB \ <D%&ft*- Y t0?m*£U134<OjcJsJ}#- Y t 

ffliij#~Yt<mx'm%ft&ig&irz#>* ztci t *m2 
<D&Kn*- h 1 oumji*- y £<Dmx-mmt* 

Sig^Ht, i»^f&2<OlthTj#~Ytm3<»%)&ij*~ 
Y L<DRl%i£Z.mA <0*A/3*- h t& 1 <^di/3i<- 

&4<D#ftt)*- Y iOT^J:0'^3C'*AA^- Y t 

m 1 ©*saa#- h <t<^a*c^^i§3&$i*. 

2CC'^AA*- hi^4C-7tffl^*- h4<CHBid*CX* 

[0 02 3]^, »^R7SttO*^tt, ig^5 
n. S*?^14^J:a^2cC'2^>7tA^*-hi^l 

feJ:^^2<^>2^^;^^3^-^<!:^^«^. ^ric-jfeA 

t>#- Y tm\ cr^ffi^- ^ iOK4aJ:t>^2cr:*A 

1*. 1 C'itA^*- h 1 C'Ttffl^*- h ±S> 

&14<5^0^2^AA*- hi^2C^ffi^*- hi<?> 

ra^K<^TO*ABAst«- YULvmmt&mtrh 

i*. *tc\t&\<Cft?^#-Yt&2<D%&l}#-Yt 

<m***v*z<oitjj}#- y ±m 1 <o%ftt>#- y t 



(15) 



27 



i cd£SA#- h t<mz%i< £TCD#AtfiA#- t m 

@BSCS-k 2. 3, 4>t 

f»l*Atttf3#- h * 1 Q£8«»#Altifc#~ 

h 1 * 1 <D^S«I#Affl*#-- t * ©BCfi^EiM 

. i <D$%tm&\ti&*- Ki» i ©sa* 

Stf. *r?*2CD»«»*AtHA*- h£»10S»fli 
EB5SS- i < i = 1. 2, 3. 4> #£u*:2* 

* h^A^^SP-j cd*i v>itht>*- v isn* 

<D2 *2 * M-fMMSX-f ??0S&CS- lOS. 
2CD#AA#- hi ;fc*P*:3** 

? P - j OSS£©*A^- K4«te2 x. 20 
2 • /<-aff*;U ? *ESSC S-l^l^* 
A*#^±*tt-fc^SB±. pa a 4* MS* 
*f * ?S P - j ©13 «E>ftAJ}#- h &*£2 x 2 * D 
A • /<-ttff*A«f ? *0BSC S - 1 f[t\**>2 
X2$>0* - /<-*M?&* ^ * *EBSCS - 2 CD* 1 0> 
#Kt>#~ **P*a**m 
X-f 7 fSP- j«D*4CD*AA#- hiBj!E2 x2 * 
PA • ><-lflrfW6A-f ??0»CS- 2fl>*2CD*AA 

*SP- jCD*lC^attJ#~l-±2x2 *PX*J<~ 30 
»fHfcX-f **«BCS- l, CS-2&B*<f3*wN*> 
2 x 2 J? P A • -r<-fWg* * * 5? ^©BSC S - 3 CD* 2 

JSX^^SP- jQ*2<Djfc(HA#--t £2x2*P 
X * ^<-»ff*X<f v ^IsiBSC S - 3 cds 1 Wfetftt* 

S P - j <D*3 CD*BWrt«- U2x2^Pa- 
ff**-f* *HBC.S- 1 . CS-2. CS-3W< 
<5]ft$*D2 x2^Da- ;<.-ftff#X 7 *Is]B5CS - 
4©*l©^ft*-Fi€:«***Wa!»^^ 40 
a**HB;W ?*SP- jCD*4CD*atf}*-- h±2 
x2?Oa - ^-ftfgftx </ ? ?BKCS- 4CD*2G> 

Hff*;U ?*0SSCS- KMIlCDfcUA*- H^l 5 ! 
*l**>2 x i s§3&£#- higflWfcx ^ 7 *EBSS S - 

2 x 2 ^Oa •''<-ttfEft*4 ^ *0KCS-2CD» 1 

h <tf5ia2 x i ^ sek** ^ 

y ?lsiS&S S CDa««#Affla#-- h 

M*SH^. 2X2 - M-af«fc*-f**HB 50 
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C S - 2 QMZ <D*tl)M<- F <b 2 x 1 5&&$££#- h 

^Tt^^r^pssss- i«*< wiaxs>2x is* 

f££#- h StfHfcA-f v ?BS&S s - 2<D* I CDAiftfl 
*AI»W*~b 2x2i?DA-M 

? ?ns&c s - i o*2<&#tH;W<- ^ £ 

15122 x l aattd'*- h i2«*A ^ ? *Se)SS$ S - 2 

x 2 * P A -;<-«frfE#X A -7 ^IeIBSC S - 3 CD* 1 
fttfj*- b L 2 x 1 3ia8S^*- hiMtRjfcAW ^ ^@ 
ggSS- 1, SS-2^<< 5 in^xz>2x i jaialS^* 
-H3tR*A-f ^?©gfi$S-3O*l<0^fftffiJftA:tB 

A*-h^«:tt^*»aw^ 2x2^pa 

1tX<<? ^©B5C S - 4 <Z>* 1 V>% \s3#- I £ 2 x \ 
h sMttjfe* ^ ^KeISSS S - 3 <om 1 ^ 
mnftA&fi#-t±&&*^&B&£* 2X2^dA 

- ^<-3ttffJfc^ ? ?0KC S - 4 ©*2 OjfeX^)*- 
hi2x I^m^*- hiM^^W ?*ES£SS- 
1. SS-2. SS-3*»<< 5 in^©2x iSiStt^ 
tf- hfflRjt^-f 9^@88SS-4©*2«>»8«bftA 
tflA«K-l k ^«ltoAMtt&, 2x^Da»v<-* 
ffft^ A ? *IeiBSC S - 3 CD* 2 OUKft*- h i 2 x 
1 SSS^*- h.3E«*^ </ 7 ^©BS S S - 4 CD* I O 
^^»i*Ata^^- h i *«**»ai8i , 2xiM 

F igi^^x ^ 5 ?m%k$ S - 1 CD* 1 cd^%M 
#AHtfj*-l*£2x iggsft^*- h5glRjfe^-<?^ 
^]B8 S S - 3 CD* 1 <&<&»l«#Affi*J#- > ^ Ig^c* 
2x ljSMtt^-l-iEK^^^^EWS 
S - 2<^>* 1 CD^aflWfeAtt**- H42X1 »§ii&£ 
*- hjBWfe^ 7 *HKS S - 4 CD* 1 <^&tf*j#A 

A3^niA^?*sp-jt'it *io^a^*- 

h <t * 2 - h i CMS ^ J: C^* 3 <^>* A a5K- 

h t*4 <J>1t&tt- ^ 4CDBrM*ft3ajllS ^ 
I (0*A^?H- h i*2^ffi^^- h ^CDIH^J: 
C/*3<D*A^5K- h i*4<Wfcffl**- y tCDH4» 

< ±x<o*A^^- h ±*a«?*- h i^r-fi^** 

aKf**, »fcl**l©«A*#- h^*2CD^tBA 
KiCDH*JJ:CX»4CDftAA*- hi*30D^tfiA 
hi«>&TC(i^**iSfi$1*, d-^*l<D^A** 

h i^2^ai^*- h Lommxm* <OiLKft# 

- h £* 3 Wtttl^ * - h iCDfei ^ < ^rr <D7fe A7^ * 
ti* 1 CD#A*J#- b 4»4©*tBA*- h ^©HtoJ: 

a*3(7>*7s^- h i*2^>*a^j^- ^ tvmvm 

^**2BftS*. ^SlCD*AJ3il<-Fi»4CD*flB 
h id>W*JJ:CX»3<C*AA5t«- ^ i*2CD*« 
h i<?>f5 : 2:Kft< ^CCDjfeA^- h 

h &<BHrtt*«*uirr&*. i a** 
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- h <L^3<0^tii^i<- h i^>fSfe^^4 VftKh* 

a*?* i o>#\ij#- h tmsvjtmt)*- h t<cm* 

<fctf £4 <D%h1l*- h iff!2 <^fcii/5*-- h i<Efla& 

^r^A*?*- h ifctHAtf- h i©BtNM* 
v t0nto*imzv&jsjrtt- ^ i04«>*tB 

A#-hi«WCM;**:iSift31*. a*Q£F2«>*AA 
#- h i2i 1 CDfcffiA*- h iOHl*J<fc^»3«>itWJ 
*-hi£T4 hi<^£l&<£t:<£>*AA 10 

*- hi#ffl*i#- h iCC'©-Clt^«:MKf * 

fci*s^<p#A;fctf- h isu w&a*?*- v L<m* 
is***- h t<om*£u'm4<»j&>jj#- h i^3o* 

h iCDB«ft< £XVtftXij#- h iftttW* 

*- h i3H 1 or>7£i*tf?#- h iCHH*CfS^*«riSa$ 

H4^fccm4©*AM<- htmcoKftfi*- Yto> 
h*is< ±x<om<to#- h i h i«wnt 

h i^rafe^^s^fex^*- h i* i o> 

A/3#- h iS54<K>*ffl*^- h icrf44$J:^30* 
A"*- h iSM h i©H«:»< £ CO* 

ora* <t v& 2 <o%?<?}#- h iS4©*sa**- h a 30 

CDWC(M**fiiIS1*. 1 h i© 

3©****- hi<OTfc<ms§*2cc.£A^*- hi© 
4®*ffl**- hi^^»<^T©«A**- hi* 
h *©fSrOT*£Mfrr*3\ */ci^!^ 
*A:fttf- h£*4<0#tttf)*-- h<LC^feJ:^2<D 
*A£*~ h ifM h i««Tfi^*€:3a 

jftS tf, *>v^ 1 <D1UJj#- h i^4^*tSSM- h 
i©HfecKe/^£0*A^- h i^3<0*SA>^ ^ 
i(DHtt< £X<DjtAt>#- h ifttttfjtf- h 
rS^jt&aW-r^, *A:l*S»3©*A^sK- hi» 40 

2©fttBA*- hiOBa*CW*«rS§jaSl* % *-?»3 
Aft h i© 1 0£Hi;>M<- h tOBfe*CJ { »4 
(2&;^tf-hi©2<££W;^tf- hiM^<^T 

o£a^*- hi*aiA4<- h L<mx-&mK&im? 

Ztc\t&4<D%?s.t>*- h ijg 1 0*S;fc#- h 
iccf5feJ:o^3<D*A^- h i*2G>#ttttJ#-- h 
iCC'HTfi ^Mcfc&iftS*. ^©4 <OHL*J}#- h i 
© 1 ©*HWtf<- h i^fSteJ: t>'3ir3 c&*A*#- h i 
»2©#itt««- h i«^< ^ZCCftA*)*- h i 50 
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7&^-**m&*^X. B*IIE2x2*DX -;<-«Mf* 

[0026] ig^ais^or.^^ec^^rii. 2x2 

-M-MfT*^^?^@S&CS- tit. 

h ^ 7 -rx • V * > ^^®2»SBS*T O* A ? * 
BBS. Ztcltw*' ^*^^S^*LNa^ 

[ 0 0 2 7 ] S#^9IHttO*^tt, |g*^6 

S^SWamsf OA^ ^B^4o^>*AHl^*-- 
h«.^fe, (5I^3^<^Affi^i<^ h«r«l--Cjpft* 

a»aia*TO^-/? ?BB5©4-^>*Affl**- hO^ 

fqn^3occ*7^S/5#- h «r^^^r^i5nA:4> 

*TO^^7^05fiOl&s£«:feW^>4'W^^^ * 
>^^®«SK*TO^ ^ ? *BBS^Pi cn*>4m 

^TO*SS8*T O ^ A ? *mt$&o> 
* Ath^*- h H6&*£S@§&S£4>9 *>, 3->0 
• ^*>^^H^^*TOX^7^0BS^i 
cn63^<?>-?^^- ^*>^M^S^ii^£*TOA^ 
7^05S^Wt>s^*- hfc1*tt-K^S8B«>#a>& 

SS^4oo*Atti^i<-hCC^fe, (ejnA^3^7tAC43 
h *C|£31$ ft h 
'>*>^1?S^ALN^^ ?^0Bfi<^>4 

h £ ffic 5 me i><o . * tcitwi b~w\ 
ssc- ^ ^, isin^3 ^<^>-^ y ^ - * > ^3iTO35«a 

*LNJW?^leiS£^iCft&3-^-??^ 

L N X -f ^ ^@gfi»D*AtBA#- h 89 



[0028] &^9&»<D-*&mtt*>'7rlt. 2X1 

l*-C**BS*tfci<Z>, Sfctfy^y-I-^?^ • 

> TO* ^ * *I^BS<£4^>cr>7\; A^ 

nvaaxT ox^^ @s&qi#^ to w * 4 io 

3f ;x • ? * > ^52^PM«^BS^T O* -f * *-@fcSU; C 

*To;w**^»>ftAi«;&*- Ha******** 

<7>ws£tcfe^^4^^^ , >- ?*>$awaws5i# 
M$SW#LNx^**@a«±cft&3^-?*>* 
[0029] itc, huh i osa(K>*#m». BfcfcW 

?*0SSS1-j**, io©PLCSWH±«:±ro 
^^EWtffttfcsnrtoO, itSLLa&fr&At:. 

»4«W£UA#-k »4<D*A2?#-k 13 
<W£AA*-H ."»l«E>*/w»#-k m2<DftKh# 40 

- h aa ■ vimvi**** «m 

@0KS2G>*A»#--K Sl«>*Aa*-k »I 
??0f8SS- i = 2. 3, 4) O^AtiW* 

- h #s«Lhis*»«5.t:. «st@ o ie * i q#»m#a. 
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tc. Si<^>2x2 5'PA*/^Jft^^^7^leiBS45i: 

o2 x 1 sums*- \®\R3t*<{ ? ?mtz<»mf&M& 

mc&tcHtxZC ±CC*9, &H02*2 
~MWfcA<f * *@Kfc<fctf 2 x 1 SiatS^*- 

fflns^>*«Ria tfts u <t i*B2S«: £ -? r c c £ * 
[0030] Mm i ote*w>*»P«:aboi:tt. 

D*n* t tfi* ^ ? ^©BSS 1 - j it 1 ~X»P LCI 
fi¥ffl-b«C^C 0tfJ!2^8&WR*£ IVC to «> . St5± 

^. 92^'A^- KC'«cc#*A* • (HA* - 

^ ^ ^@5SC S - k < k = 1 > WfeAtii^*- hsMMR 
Jbfi*»6ja.T. WtH0«c*2<D*A^#-h. ^1<^> 

KClBtcB8«^^J:^tC|2esn, 4^<D2xiigi&^ 
3, 4) «D*Aa«J#-h**aJbiB^6At:. 

^ ^ *glBS4a J: tX 2 x 1 h SIR^X -4 
0!)2x2^ax • M-Sirf^^A^^^SfStoJi^Sx i 

[003 1 ] 18*^ 1 1 82«W>*»Wtt, St&l* 1 
4^ hiX^^SP- j<C^2<0^tiiAi<-h. ^1 

o^di^i<-h. ^3wtai^*-h. ^4^aiA* 

-h. M4<^AA*-h. »3G>*AA*-K II 
OTtA^*-^. S20*AA#-KC«tca*A»- 
ffl/}^- h^0^^J:^iCigg$n. 4^X02x2 
o^-M-«i^5tx^?^|fii5SCS-k (k=i, 2. 
3. 4> cW6AtiW#-h**S±iB^^fl.r. 
0^2<^>3fcA>bi<-F. .^lWfcAA»*-h. ^tlO 
^2©jfeiti^*-h®Wtcl«0^^J:^ 

ccgeg$n, 4-po)2x liSiatt*^«-^JBtB*^^?■ 

^EiBSS- i < i = 1. 2. 3. 4) WfcAtH;*)*- 
*Aatt*-hC*^0S^J:^<Ci2iB$*l. Mtc, 
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-glft#*<f ? *@»CS - 1 2 * 4 

2 x l h 5glR£;W v fm&S S ~ 2<D0 

IfcfP*^ ? 9 isB&C S - 2<>» 1 COftlUA*- b i 2 

x i saisi^K- ^ sw*^ ? *0bss s - i co» i 

2X2 £o* -/t-rtffiAA4 5>?lsl*£C$-3<Z> 
S2©*AA#- b £2 x LjftiMidtf- hiSR*** 

fc<fct*2 x2 ?oa • /<-'ttfFAA<f **-@5&CS-4 

OSd 1 (D*A^JsK- V <t'2 x 1 9bBtt£#- h 

^ ? ^SISKS S - 3 Olf2C««0*- h ±<» 

a!2 **l«a«8fc*Jj#- * 

[00323 ib*^ i i te*w>*»Btt: A -7 r«*. * a 
X3*^ tJS*«/7 *SP- j lil-PCPLCSISTO 

®B2^iii*#~K wi K mzvtft 

h , m4<z>it£i3#- * • j* 4 

K B3©#Xa#--K *i<o#Aa*->. ^2<?> 
*0KCS-k ( k= 1. 2. 3. 4 > <^#AliJ:2>#- 

v&g&im&zn-i:* fcsteo jo* 2 

k B10*AA#~ ; t. BlCWfclBaaW. 352 <*> 

x 1 *5i&2&£#- 1^ XKXX ^ ? *Iei5SS S - i < i = 
1, 2, 3, 4 )<0*AttlA*-h^Mffi±®^6m 
TT. im@0Kiin<&3affll^ffla#^K 8? 2 OS 

ccRQd^J:*U:E8dft. M^Cs S^2x2^a^ 

c <»:*<:<*: 0, 5^2x2?Pa-^-j1i{^^^ 

ggcs - l^2<ojfeffiA}^^^2x ligjtas^*- 

h A * ?E5£S S - 2 <7>IT 2 ©^SMI* AHJA 

#-h<t<DR3. 2x2 - ^^f^foW 
CS-2^1 <Z>#£S#*- h i 2 x i b 

~\>£<»t&&*tieiri&*fc&%8Z£. 2x2^oa- 
.»<— StfE** 4 v *ls3ffiC S - 3 Q>m 2 0*Aa)^- »• 
i 2 x i K iM^A ^ ? ^USSS S - 4 <Z> 

1 1 <£$s6«A£;ft*- b <t<DHU* &Z>2 x2?Da 



IS) 4*^200 1-103523 

34 

- ;<-ime#* ? *ihibsc s - 4 <om 1 <D#A2>#- 

>£2x i5£gS*^*-hiS«jfeA^ ?*fs]S&SS-3 

<oi&2Q$^J^Aitw#- 1* i^wt-c-nehiMc* 
«SK<t<D2^-en«en-^^To. &2*m<o&& 

[ 0 0 3 3 ] 1 2eSwC-*^ii. B^flT 

u-««»a*aad»aB < AVG : a r r a y e 4 
io -wavecruide « r a t i n s) r*>*Ci^r 

[0 03 4 Hg^«i 2ia*w>*»W«:A-jr«. *» 

[0035] 1 3gatt©*»flli. 

5KSE<0*#feWKfe^tr. s^^R^Mt-^mi&A - 
1. A-2, A-3, A-4«r«.*U. ^Si^S^ 

5. A-6, A-T, A-86BAU. ^S<r»K:Sai 

jsi/XiBailtciBBsn, ^o^^+>4^^u:«n^ 
w^rn^ggg$ni4X^4tiiAj7ti'OA3^^ h 

J^^^7^©38S 1 - j . SP-j. 4$J:tf#l«ireS3 

- j faffir P-*S8S¥®*EIBWM- 1 . WM- 

^7?BBS1-). SP-J. fcJ:0'*:ES&S 
3-j (j = l. 2, N> 0>%Krj*-Yte£Ult 

SSWM- 1 <^S^^^^iS»iC>atX*A«^Kt:'€E 

st®D*fcr^^it©o<z>wi^NO09 , c»2. m\, 
mz. mAv&mmit?^-*}*-* <a-i/o-<i- 

2- i. A- I/O-d- 1 - i . A - i/O-d-3 

- i . a — i/o-a-4- i ) ^iBa-caL^-ci?*} , 
fe< f ^c*Aa^^3^<-^^2, bfi. ^3, 14 co^a 

»A£aA*-K (A- I/O-d-2- 1. A - 1/ 
O-d-l-i, A-l/O-d-3-i. A-I/O 
-d-4- i ) cc«#i^*e*)4«ieaO.K:B6, 1 
50 5. ^7, ^8©^«AaiAi<- h (A- I/O- 



OS) 
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d-6- i . A- i/O-d-5-i. A-l/O-d 
-7 - 1 . A- I/O-d-8- i > <Dm$V&A>V** 

l-#A*J5A*rK\ »i£T*«ft* + >4H«fcftAfH 
MltT&jftA^ * > 4 JMC ft U XO&ZMXtR&k&is&T 

S3-j (j = l. 2. -. N> ©*att*-h«»Jffl 

,0>»»fcAiS;ft#- h«KHW±«»*^*a« 
* + > 4 A CCH 0 T <W£tf <Z>JR« & **El » tcH i; B 0 V 

hJflX<<7 *Ib)&S1 - j. SP-j. feJfctf 
4ESKS3- j.< J = 1. 2. -p N) Ojt&t>*- * 

o -ch c jip.#<l ^-jtc^ciwo. a— ws -her 
u-^aaws^aaawM - 1 , vm- 2 ± 4 Kt>* a 

j. i$jLU%mfe$3-* < j = 1. 2, ~. N> ±* 30 
BBSWM-1. WM-2*$<fcCX4A^4S3>3*^ciAa 

ass- j ( j = 1. 2, -. n> <t. ris-mms* 

H*B»WM-1, WM-2fcJ:tf4Art4iiJ*H£*a 
A^^n^^^iKSl-j. SP-j. 4<$J:tf 

*iiBss3- j < j = 1. 2, -, n> n**tve*itt 

[0036] Btmv 1 3 S2tW>-*SW(Cib r«. ifcft 
£0K-cn-r*ft«A - 1 . A-2. A-3, A-4& 

f^> 1 ~?<DT V - «iteKHFi5*llSSWM- 1 ± . gS^ 
»a&m?*£&A-5. A-6, A-7, A- 8** 



4*§32 0 0 1-1 0352 3 
36 

* > * )i ic zti^tiitifc isx maocc sag s n, 

tS^^P^=i^^ FJi^^^^dBSSl - j . sp- 

BBSWM-1. WM-2<££Aatf3#-l-fc«*tMAA 
4titfjjt2*X**fi *®MS\-$. SP 

— j . *)J:C/ftB»S3- J <J - 1. 2. N) <D 

*A**- n« <fccx*ifl*#- K^nentctnw* 

tlBS^CX^^nxa^^ h^^^^^il»S^C. BBS 
7 U -«asS¥iB*BKWM- 1 <0& *®««4>0ttfi 
4^AHJA^ttt?ff^«S**>*Jl>* iKW&t 

<DBDt?fiT2. 91. ^3. M4O^^J*70ll^)*- 
h<A-l/0-d-2-i.A- I/O-d- 1 - 
i. A- i/O-d-3- i, A- I/O-d-4- 

SS^iBABSSWM- 1 tc^^rjfe7vib/}*- h^-92 , 
ST1. M3, *4<00^)£Uttf7*-t (A- I/O 
-d-2-i. A- l/O-d- 1 - i, A-I/O- 
d-3-i. A- I/O- 4- 4- i ><&Mteft*B 
OiiiifiB •)«:»! 6, ^5. ^7, »80^««*AB 
<A- I/O-d-6- i, A~ i/O-d- 
5 - i , A-I/O-d-7-i, A-l/O-d-8 
. - i ) <0Je#*C3^rfe0. 1»~r>Ct\t>o>lB&lC&A,V 

^>^^<sd<D*Adi^i<-h^A0jiirK:, Mitr&tt 
+ >4.'^«e:*Affl^- h^tien&swtcft 

Etr^jSHaO-CHOJiHftiJQc-jffeO. S*<D4 
A/J4a5^*^a^2^^ hja^^^^BRS.l - j, 
SP-j, *<t:zt%m&SZ- j (i = 1, 2. 

WM - l O9SIM0>»&^ ^ >4 JlS«*Affl^- h 
JH.S i^El |Sj on 0 -CP) G JR*£ TTfc 0 . 
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2, ~. N) <D£Stf3#- hO«ya[5l±«>*tt&T*!ft* 

CtlC**}. B-¥B±^7U~«*tt¥B5*gIKWM 

*?B»Sl-j. SP-j, *J:Zftt®nS$- j 
<j = l. 2, N> ittt^jWStKSfiisai-CEt'iC 

t'<* 0 . T u - «KK«fi*5EIKWM - 1 , WM - 2 to 

-j. SP-j. feJ:t>'5E0S&S3- j <j = l. 2. 
N) ts 7l/-««BS¥B^§BSWM- 1. WM- 

Sl-j, SP-j, to<*:tf;fclI]S&S3- j <j=l, 

2. N) r^^^nen^^^BSi^^-^®^. 

[0037] IS*3J 1 4 12«M>*M1<*. 811*01 9 CIS 
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[0 03 8] !g#JSl 4S2?l<D-^^«:*>or«. jfr* 
it. HA&tt-tfrh&tiZti* £Affi;*3*-ha>& 

A^nfc***. h^em^sn, *Atftt 

*- M>&A^sn#A;fc#-- M>6tii;^<*n**:t*, 

[0039] 

[0040] i-rstTjtc. *^te«»"c«i*&*w«>* 
[0041] t^&i ] &*A££;ft'iwa±KAiti;f7 

1 : 1 cr>^# < on t o one-to-one ma 
ppin?) (D&WX'hZ&g:* + ^*&<om£L1fi& 

*- hM*A <A= (a) > t 



20 



Awa*- ^ a *^a«te>Affl**- h i^Jiu. mis 

[0 04 2] [IeS2] E^»tc3Rr**2-^a>Aayj3K 
G£K*A. B (AOB = *) #£>0, A 

> l®m&) £A£#*- h <«UH»> 4>S£rB<£-Kft 

i?**Atftfj#- ^ c«iRBS> ^s^rtPAart* 
♦>^>u^i>^<i6i^>r^^su. &*4>#£rt4> 40 
&\,*xi*m& ae^-h us&is>g« 

L#A»S*ifc»d, AtH:*)*-* <$'&5&> ©SiMrB 

n. xaiA^- bwm&A€mxm. i^o'Aa^- 50 



[0043] *#6flfl«3*'« • 7 U>S>ffi#@88 
AWG<Pte.^<fctf^^ 

aa-C*^ A WG ittA WG^*»W«:«F**EIK«:* 
1 ^AWOCW ^*Atb^i<- h*ab*a«^ * > 

*^©ft^cc«r*aft6»a«crj(ir*AttJA?i<- ks> 

[0044] AWG(Z:#.^CC^^r@ 1 %&mu 
XWR*&. NxN AWG <N= 1 S) <^«3 

[0 0 4 5 ] m l K^f NxN AWG (N = 1 6) 

i*. 2^A7 7!{?Mi 10-1. i 0-2<t. c<»> 
2^x^^^a^3h«eti«:s«snfc*A«* 

«S8S«9-1. 9-2i. TO2o©^v^»«8S« 
10-1, 10 - 2©HtiS*U B««aBfifi^«>* 



39 



[0046] *fc Jtwa*e«a»9- I, 9-2 

[0 04 7] UK, NXK AWG <N= 1 6> iS, S 

*- h©^CWLP= {L-P. m} <n=l. 
2. l6>fc<*£>'RP = {R-P. m) <m=l. 
2. ~. 1 6) £Wl/tV*<> 
[0048] fflU 7^^^I"7^{FSR), * 

N £«DHT?N = F S R/h A fr&!?9&£«fcl/t:<r>* N 
xNAWO^^^^'^! 0- l^&Sltftri* 
&*AfflA«»K»9 - 1 *«JiW**»«a'C. 29 

«aKc*s< xtiiA*— 2. N<b#-i-# 
^r. -tOA7 :r*ss» 10-1 *^wc 

Atii^'K- hOS^* ffclftD*^ 10-2 
A <n. m) 
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*P. £6H*fL-P. 1. L-P. 2. L-P. N 

2^^^^2R^1 0-1, 10-2^7U- 
iS^K^L— 7w>?£Bl l<D«&K^0>S^^^*j» 

^rr^&Sgi 0-2^6JSO'ri^Affi^*~ KPfe 
££*?:/?5SBSl 0 - 1 J^&Sltrco&AlHfc*- I* 
10 <DSil££&8llT£IB^R-P. £{*trcR-P. K R 
-P. 2 % R-P- N^TkCC-cW*. 
, [0049] AWGdi*»9itt:»&*««««:» 

[0 05 0] ±i£l/fcJ:$K:, ^Atti^iWfcAStfJ 

P. 1, L-P. 2, L-P. N. R-P. 1, R 
-P. 2, -. R-P. N^Tt*. NXN AVG 

20 a > (D&^tcimmtcAtt- ^ * a***.- h <t**A 

Stf/siWL-P. n (ni*NKT<C-a«fc> 
*-HR-P. m <aiM:NWTS>S«i*> <ttf>is»£J5: 



[g*l] 

=An+m-N/2=Ac+£A <ii + m-N/2> . 

<0<n + in-N/2£N> -<1> 
= An+m+N/2 = A c + £A < n + in + N/2 > , 

(n + m-N/2^0) ~<2> 
= An+in-3N/2 = A c+£A (n+in-3N/2) 
(N<n+m-N/2> -<3> 

[0 05 1] tfliU*, i&bfcJ:^. ££AHi2>*- 
h^S^^ilO^ffct^c^ONxN AWC <N= 1 
6. FSR = N£A> OAtiiAtf-hL-P. 6. L- 
P. 7, L-P- 8, L-P. 9±Aatt*-h (R- 
P. fli} (m= 1 , 2, 1 6 > £<C'mo>&£&^lt 

^ i ictt* s amta *<> 

[0052] 
[&1] 




A < j . 2 k + 1 > - A < j - 1 . 
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*<J>Atitfj*-h<Z>tS^r {L-P- j. R-P. ZK' + 
1 <K'=0. I. 2, ™. N/2-1) } ±*aW* 
-h®A4(L-P. R-P- 2k~+2 

{k"=0, 1.2.-- N/2- I > } ±#£<r*:£ 

^^^^ ut:<Mftft^«c oir^ci &7fir. 

[0053] * T. 0 < j < N «T«ffiT *ffS®fift j 
£0Sk£N/2- l£$£T&tf£<C'£&kK*tl/ 
tr. XffiA*- hL-P. j iAiitfrtWR-P. 2 

10 k + 1 tO>*~ hfeWi&a&JU ( j • 2 k+ 1 > 
AdJ^tfWL-P. j - l tAttt&xK-l-R-P. 2 
k+ 2 HSHtt&S&fU < J - 1 . 2 k + 2 > 

[0054] ±safl>- s&DAffiAtf- h©fflcciK»r a 
r. 

n + oi=2k+l + j=2k + 2+ < j-1) 

20 [0 05 5] ft->r, -hKfiKSajftftA <j. 2k + 
1 ) £\ (j-1, 2 k+2) £1*. <,>Tn<Z>*8£1?4> 

±ia<£*$ < i > - < 2 > , m>\* { 3 > vfitifrvmo 

2CC^$n^C'T'Si&^fiA <j. 2K+1) <tA (j 
- 1, 2k + 2) 
[»21 
2k + 2> 



= £A ( [2k+l] + j-N/2> -£A < (2k + 2) + [j-1] -N 

/2> 
= 0 

A <j 

/2> 
= 0 



*30* [f*3] 

, 2 k+ 1 > - A < j - 1, 2k + 2> 

([2k+l]+j + N/2> ( [2k + 2] + +N 



★ * [&4] 
2k+l) -A < j -1. 2k + 2) 
< [2k+l] +J-3N/2) -&A i 



A <j 
= ZU 
3N/2) 
= 0 

[0056]ft->tT, 0< j <N£$£^£f£g<5C>2£S 
<£C = {R-P- 2k* +1 : k~ =0, 1. 2. 

N/2-1 } <om&x*>z>h&fi#- htofsuomjm 

^C-tg^L* = U ( J . 2 k* + 1 > : k* - 0. 
1, 2. ~, N/2-1) <i, Affl^^hL-P- j 
- \ £A&fttf-Y0>&.£D= {R-P- 2k^42: 
k" =0. 1. 2. -v N/2-1) oc^r*>*Affi 

h i^raficaaafic^L"" = (a < j> - i . so 



[2k+2] + [ y - 1 ] - 



2k'+2) ; k~ =0, 1. 2-. N/2 - 1 ) 

itk' = k' *®sir&^^±a**tten^u^ 

V. SHA* < L* = L" > ♦ 

[0 05 7] C<0£B&mA<0?<&jl#-VV> 
&£C= {R-P. 2k' +1) (k* =0. 1. ~. 
N/2-1 > iAfflA*- K&S£#D = {R-P. 2 
k" + 2} <k~ =0. I. N/2-1) 
hS^Ol^ <2k" 4-D - {2K"+2) =2 
<k' -k^ ) -U^-rc^t 4 *. 1»*&*S1!MR 
k* , k~ <&&&1$t>ittc*luxi>&vxi&fi0±uti> 



(23) 
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[0 05 8] tE^TT, 0< j<N&$Ef Z>&&<rjg%L 
i&WOX<0\W}*~*<&£& <L-P- j. R - 
P. 2k" +1 <k" =0. 1. 2, N/2- 
1) ) t V<J>%£ {L-P- j -1. R- 
P. 2k' +2 <k' =0. 1. 2, N/2-1) 

[0 05 91 |SiaHC0<j<N«:«ar*f3E«© 

j K#L*C<DAffl:fr#~- KO^a {L-P. j . 
R-P. 3k' +1 <k' =0, I, 2, ~. N/3- 
1) } LXmto&-te>*± {L-P. j -l. r- 
<3k ' ■+ 1 ) - <3k' 
<3k* + 1 > - <3k' 



<3kV + 2) - (3k' 



*P. 3k' +2 <k' =0, 1. 2, N/3- 
1 ) } ±7<&i3#-YO>m£ {L-P. j -2. R- 
P. 3k * * * +3 <K' * ' =0, I. 2, ~. N 
/3-l> } LlcmoX. 0£k<N/2«rlS£T£ff 

o£»k, j Wrn + m= j + <3k+i> ='<j 
-1) + <3k + 2> = <J-2> + <3k + 3) t& 

[8*5] 

+ 2) =3 ( k" -k~ > - 1 
• • +3) =3 <k* -k" ' ' ) -2 
■ • +3 > = 3 <k*" -k" ) -3 



±<,^fr&g&*$k* , k~ , k* * ' tcftuxi>&:U 
X 0 tU t>ttK>C t&bQ < j < N fc^JET 
%L>lZftUX<D\&t)#- hO>&.Ot (L-P. J. R" 
P. 3k' + 1 Ck" =0. 1. 2. ™, N/3- 
1 ) } t^Stttf-lOSkZ {L-P- j - 1, R- 
P. 3k' +2 <k' =0, 1, 2, ~, N/3- 
1 ) } ±AflWM«-HJ«- {L-P. j -2. R- 
P. 3k" , +3 {k"'=0. 1,2, N/ 

3 - 1) } &<*EI»ICX'C**>. 131— <D»g^* 

[0060] 2*>tc5fc. FjH*C0< j<N^J£f & 

eSC'^j^^uroAttiA^-hoc'^ {l-p. 

J. R-P. 4k* +i <k* =0. 1, 2, 

4 - 1 ) } <t Atitf3*- h {L-P. i - 1 

14k" + 1 > - (4 k 
(4k* 
(4k* 
(4k* 
(4k* 
(4k* 

<U^fr&@«»k* . k' 

OX 0 £ 0 < j < N £«JWS(5S<*> 

tc^(./ccc•A^i^^^-^^« (l-p. r 

-P. 4 k* + 1 < k* = 0, 1 , 2, — . N/4- 
1 ) } ±AtiWJ#~ {L-P. j - 1. R- 
P. 4k' " +2 <k" ' =0. 1. 2. ™. N/4- 
1) ) tKW*#~V<Z>&£ {L-P. j -2, R- 
P. 4k* ' ' +3 <k' * • =0. 1. 2, N/ 
4- 1> } t\mti#~b<Q&& {L-P- j-3, R 

-p. 4k" ' ' +4'<k =0. I, 2. 

N/4 - 1 > ) t\tEWELX*>*>* i»L ^-<D 



+ |)-{4k' 

4- 1 ) - (4 k* 

* +2) - (4 k 

* +2> - (4k 

' * +3> - (4k" * 

* , k* * * icftVXi>&: 



«-p.'4k' ' +2 <k' ' =0, 1. 2. N/4 
-1 > } KD&i* {L-P. j -2^ R- 

P. 4k * ' +3 (k' * =0, 1,2. N/ 
20 4- 1 > } ±AmA*^<S*Mr {L-P. j -3, R 

-P. 4k (4 <k =0, 1. 2, 

N/4-1)} icc^L-'C0^k<N/2?:^"Er 

z>&Mv>&%ikicfti>x. tem>x.mtimtcxft#-\' 

eS<C-5l»k, j»T!i + i!i=j+(4k+l) = 
(j-l> +- <4k + 2) = <j-2) 4- (4k43) 
= < j -3) 4- (4 k4-4> i^CW?. ES^*s 
^gs^^Ci. toJ:e>'±l2tC^>^'cn'en^>Aiii^* 

N/ 30 [&6] 

, R5« 

+ 2) =4 (k* -k* * > - 1 

• 4-3) =4 (k' -k' * ' > -2 
" +4> =4 <k' -k* ' ' ' > -3 

' " 4-3> =4 <k* * -k' " * > - 1 

• - * +4> =4 <k* * -k' * * ) -2 
- • • +4) =4 (k* * ' -k* * ' > -1 

[0061] vlt s m&rrzA&fi*- kd&svm 

N' iNi^N/N' - 1 ZQ&&B.-rZ>f&*)lZtel*X 
40 »Ci^I^^ 

[0 06 2] WJbfc&NxN AWG\% % Kl4tmv*> 

[0063] YM.O>£ W Lt\ AWG^*ftW"C«* 

[0 06 4] g)2^^jfe>7D^r24 bmAJ 

50 ^^felSSS 1 - ii^mcT^n^±xm^th^H 



C24) 
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ri*cs-jici»ji/c©o-*w. i -l*)3> a^tfrc 

SS- i<^#©2^<W£AtftfJ#- hSS- i - \/ 
O-L-l. SS- i - I/O-L-2ii&*0D^Affi 
l-SS-i-l/O-R-1 m<0&& • &WA-f 
mt*±S22 AA2Stt>*a* - ;<-«K* 
4 ? *ls)BS<E*ffi;^#- h C S - i - O - 2 

-i-l-2. CS-i-O- \<D^lCHmUtc^7&. - 
^ffi^^^^^i-Utt/. s*2 <b> t£jivr<*:$«c2 
D Si* * ttft C** WEHK'Ctt 

[0 06 8 J 
[*2] 



[0065] 02tc^5fe^OA3^^ HH*-/ 
SgSl-jti. 1^2A/32S^?Da-k-^* 
;W ?^@§SCS- i < i = 1 > v te£0'4~XD2x 1 

5aatt^#-ha«*A-r **essss- • (i = i. 

2. 3, 4> *6«.«83tVCl'*. 
[0066] ^3K^T;)fc*P*3* J? hffiX^ 

#*4?*r5]BSCS- i ( i = 1. 2. 3. 4> . fcJ: 
CX4^2 x i ®ftfg<&#- t24R£x<* ? *0BSSS 
-i (i = l. 2, 3. 4)^«3ntt^, 
[0 06 7] CCT\ 4fis£^r'^^27^2tti^^D 
* * '<-flbffjlsX<f ? ^IsiBSCS- i CC'2-o^Affl^ 
#- hCS- i - I - 1, CS-i-i - 2£2Wfc 
7viH/3*-hCS- i -O- 1. CS- i -o- 2 nao 

[&2<a)J 



[&3] 









/<- 


O-i-M<-X*-i-0-1 

AJft C9»M-t<-/->C»-i-M 


O 




tH-H<->tJ-'rM 
JO ftH-H<-A>*-i-0* 


1 




<->aasu <~/->j&* 




30 

HHft*] 














0 




8iri-l/&-L«->5S-;- 

kt> J*-l/K-K-/->*-i-l/ttH 


1 



<->aiia, <-/->!« 



¥-&®$miitTOK<< ??m$\lEICE., Trans. Elect no 
n,, E76-C, p.1215, 1593 MR). WW-YW* 

Letter 32. , p.1471, 1996 "7 • ? * 



50 



S No. 12 r pp. 139-144, 1997 ftW)Zl 

[0 06 9] 2x \&m*£#~Y&iFjtA<< 

ss - i wtbrnt* ±sa^oA - M-s2&j& - 

[0070] ±&ls&2 A4>2 iitfj* - 

a-? *sssc s - 1 1 2 x i 1 m®&* 



•25) 
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[S3WJ 
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<Di§a> MB** ^ ^ MOT********: ±avc** 0 
[007 1] 
[*4] 



No. 


<C_f <fc-4 Ct-JJ CC_4^ 

IC5-1, «r1» *cri, 




1 


<o.o, 1.0,1) 




^ 


<a o.o. 0,0) 


HO 


3 


(1,0. 1.0.1) 


AO 

J-j-H1>hHCL H+MrhHI 


4 


(1.0. 0,0 t 0) 


$ j-i-i.s-j-o-3fiU s-hHf.6-i-o-2fia^JI 
AO 


5 


(0. 1. 1. 1. 1) 


AO 


6 


(0, 1,0, 1,0) 


M-Hfc t-J-6-OHL J-rW.W8 


7 


CI. 1.1. i,i> 


ao 


8 


(1.1,0.1.0) 


S-j-h-ZJ-j-*-3fflL S-j-M.S-r^lKtfaa 

£ ° 



[ 0 0 7 2 ] 3U <D#a£#- h i3S2<P*ffi/J#-- K 

5£S£1*, ^o^lWfeA^*-hi^2<D*ai^i<- 
h Jtf *4 *>#A**- h <L^3<D*iH^*- 



IT***, Sfc^l<OjfeA^-l'<!:^3C>*di^*-- 



49 

hi^-Cfg^^jSMW**. **** 



•6) 15B32O0 1 - I 0 3 523 

50 

[0 07 3]**:, 2A*J2atfJ?P* - "-SlfBfeA 
^^ESSCS- i (i = l. 2. 3, 4) 42x18 

2, 3, 4> (c<fc^ria3K^'J:5£#*p*=»** 

10 w*^ tJ3x<<? *SP- j <CJ:D«A**- h f * 

[0074] 
[&5] 



(2?) 



51 

[«30>)J 



&200 1 - \ 03523 
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No. 


(C$-1,C$-2,CS-3.CS-4, 
tt-1.SS-2.S5-3.SSH) 


0 VMM *Jf E» 

(Til J ij^5*4^ft*fc 


1 


(1.1,0,0. 1.0.0.1) 
(o t o. m. 0,1,1,0) 


AO 


2 


(1,0.0,1. i.aai) 

(0.1,1,0. 0,1,1.0) 


Mo 

S-j-M.S-H"^ $*j-H>i*Mfl 


3 


0,1.1,1. i,ai.o) 

(0,0.0,0, 0,1.0.1) 




4 


d.0,1.0, i.ai.o) 
(o,i.o,i. a 1.0.1) 


fi-> 

S-j-H.H-WR. H-H.*-rG*8 


5 


(0,1.1,0. 1. 0. 0, 1) 
(1.0.0,1, 0. 1,1.0) 


s-j-t-2.$-,r*-lGL ^ri^^r^Kte^ 

SO 

s-j-t-2,s-r<M|tt, J-ri-3.^j-(HH 

as c £t 0 Asa h « 


6 


(0,0.1,1, 1,0.0.1) 
(1.1,0.0, 0,1,1,0) 


5-j-K*-.rO-1l3» «-H-4>H>"* 


7 


(0.1.0.1. i.ai.o) 

(1,0.1,0. 0.1,0,1) 




8 


(0,0.0.0, 1,0, 1,0) 

(i,i,i..i. 0.1,0.1) 




9 


(1 r N,H.O. 1.1,1.1) 
(0.N.N.1, 1.1,1,1) 


ao 


10 


(1.N.N.1, 1. 1.1.0 
(O.N.N.0. 1.1.1.1) 


8.j-W.«-j->«, M-M-f-J-Mfl 


11 


01. 1» O.N. 0.0,0,0) 
(N.O.f.N, 0,0,0,0) 


Srj-MLSrj-O-lBk s-j-i-* s-j-#-2MMBi 


12 


01,1, 1,N, 0.0,0,0) 
CM, O.O.N. 0.0.0,0) 





[ 0 07 5 ] m 1 <&#A*#- h i.^2^jfc^/j^^ h 



50 3©*AA#- h6S2<C-&&?]*- h±0>mZ&<<£ 



53 

2<Z>£A##- hi^lC-ftSA*- hi<DFSH$J:tf0 
3<E'£AA*- b±m4<DXftfi#- hiGW-CIM* 
£*S»<*tL 3^3fr2<PftA^*^him<^aiA* 10 

- h i«>lffl*5 •fc^»34WfcAJ}#- h i3M ©fttHA* 

- h i<s>ra&F£ < ^xoKhft*- v tit&tot- ^ i 
if i ontfiti*- ^ £<cHtoJ:rx*4<D*A^- ^ 

&2<D$JsJ}#- h i!3 1 <Dft#fitf- r i©E4$J:tf 

±x<oyt\ji#- ^ i#atfj#- 1* 4cfliw*ta 

hif 3cs>*ttA*-hi©H*JJ:^» 4<DjfcA:frtf- 

^ if i > iM«< ±r«>*x**- 

02©#AA#- ^ iS4<Z>#ffl;M<- h iOSfeJ:CX 
S3<D#AA#- ^ iST 1 ©#i!tfj#- h i<Z>HTi» 
**aaS*. "*^>»2<C)itWj#- hi3§r4®*:8W3 
*- hiQEI4*J:tf»3®*Xj7*- Yt&KOitiitf} 
#-b£<Df&*f£A±X<Dit^#-btJtftt>#-t 

if 3 V iCDHfc J:tff 20>it\t>*~ 

hif 4^*itiAJ*-hi<z:'felT'{I^^5Si&3^ ^ 
^f 1 <WfcA*jsK- t if 3<D#ffi;fc#- h i©IB* J: 

c/f zvitKhtf- ^ if 4<t>^/3^- h ic&ngfti* 

- h iiM <*>ftatf?*~ h iorsfe^cm2 ©ft a^# 

-hi^3^UW7*--hi©H*l^<^tr©ftAA* 40 

- h i^ta^- H i<DHr(M#£alft&T*a». 
\m Z<OjtAt>*~ * if 1 <P#S«?#- h i£-HfcJ: 

of 4«[>*a*^ t if s^tU/j*- ^ iccf^r-e 
a^ir3<c:feA^tf- h iatr i <ojtm 
w- ^ i©«4dJ:cm4©*AA^- ^ tmzccjtm 
fix- v tvmzf&< £*c <oit?<h# - ^ i^tb/}*- 
^ic•fe^r'^I^7t'S:^'r^^ ztcktntoftKt}* 

- h iSU ©fttttt?*- h i<J>JSIfc<fctfB3 <J>H Kft* 

- h iir2<z>£atfM<- b £o>mxmmt&&%$i*, 

a>of 4 WfcA*)*-* ^ if 1 W&iixJ*- h i«^fe 50 



4*03200 1-103523 
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«W* 30>1£hiJ*- V if 2Wfcttl/J*- h i^K* 

e^^5iiRr ^ c i 

[0 07 6] bm*"< v?mt$t$ 

K . 2 x l jgjg^*- hig^^W ^ *I5]5SSS- 
i 2. 3. 4). fe^cmMASUAtf-tO 

fTst-r^ci^c^^ 

, [0077]**:, ^^q^a^n^^yfSP- 

j«. ra3^6^^J:^«:, li.^^r'^>^2 Khz 

SJ^^Oa • ^<-«i^*^^7 ^mBSCS- i . 2X1 
h mWt* A * *HfSS S i » 4<?i:Wf 

[0 07 6] i ^?®ifel^B^tci}i^,t^a 

.•iXT^Ci^BT^r^>^. i'DAh-H^m 
t^Ct, fe^^^t-^TO^tCt-^CitCjr^jR^) 

.^i*. io<^ss«Lt«iHes*^BlL,t:ff^'r^« 
^^^-r^ci^r-*^. ^fcJi«^2@ 

[0079] XtcM^ 7t?OA2.i^^A^*@ 
sssi-j omp^r^^ 2A^2Hi^^ ax • ^<-«i 

-A(Z)^Da34^ l-S:§<lgHI^*A^ ^*r-^>0. CO 

3iBi^jfex^ ^*fs35Si-r^ci^j:o, ^o^a^ 
ss. y^.'i' ^- h ^ ^ ^ • ^ * > *Ta?Bi»aas* l n 

S <SOA) §12X2^X^7 *S5Sk*SOACr:.NFtC 



09) 



55 



10 



[0 08 0] ^K, H4*JJ:U f BI5 4:<pJHbr. 

ORE <**»I*R) «MWCPl*-CBHrr*. 
[ 0 0 8 1 ] 13 5 JC^^PSfi^C 0 R E^MCC*. * 

[&7] PG- 1 = A-3 = {L-P. q. R- 
P. 4K + <J+1K 

PG-2=A- 1= (L-P. fl-1. R-P- 4 K 
+ q + 2} . 

PG-3=A-4= {L-P- 4 + 1. -R-P. 4K 
+ q) . 

PG-4=A-2= {L-P. q-2. R-P. 4K 20 
+ q + 3} . 

&«r*NxN awg wm- it. waaw* + >* 



{L-P. q-2. R-P. 4K 
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.tfO. S^tC$X'2b-2>4^>cc**7^tfl/}^-K^^« 
[»8] PG-5 = A-7 = {L-P. q. R- 
P. 4K + Q+ 1 } . 

PG-6=A-5= {L-P. a- K R-P. 4K 
+q+2} . 

PG-7=A-8= {L-P. q + 1, R-P. 4K 
+ q> . 

PG-8=A-6= 
+q+3}. 

^T6NXK AWG WM-2i^e>^«t2'OC> 

[0082] &mi&* + >**KltiOX<Oltt\ 

<b> % S*4 <c> /&4 <d> t &4 (e> 
ntcK^o S4 <d) J*Q-4ai<2C'*S^'C*D. &4 
<b> til Sq -4m<3ccm^r*0, ^4 <c> it 
q -4ui= 3G>*8'£rC*0. ^4 (d>l*q-4m = 
0. N=2q*C^Jl^tt'S: : rr^J8^-ir*0. &4 
e i*N = 3 2 o*ig£<D|if*inr 
[0083] 
[&6J 









L-P.q-1 
















i 
















R-M-4 


M\<r3 




M><M 












M>q*3 












M>.Qt7 
















*©Mnr3 




i 



[£7] 



184(b) J 





L-P.<r1 




L-f.<ri 








R-P. <Hm 








1 


. L— 
















R-P. o-3 




M>H 






R-P. a 






R-P. 9*3 






8-P. ci*4 














: 


» 


« . 








1 



[««] 
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<50) 

[*4<c>] 

ruw rc5i tcpti ite^* i 



4M2 0 0 1-103 52 3 
58 



1 \<rk*y 






i 






s 








Aq-3 






R-P.q-2 


R*P.<r1 
























frP-4i+7 










* 























[384(d) 1 



[»4<«>1 

32x32 A«a. -e^S(a#tt«*S2*^5^. 







i 
















8-P.cr* S 






M>.<H 












H>.0*3 ! 






R-P.iH 






R-P.q*7 










» 






1 *q**n-3 






i 





L-P.17 


L-P. 18 


L-P.15 


L-P. 14 




LAS 


R+.32 




R-P.* 




1 














XH 


frP.lt 


W> M 


ft-P. 14 


MM5 




*17 






R-P.18 


MUfl 




A21 


R-P.W 


frf-tl 


R-?.J2 


















! AS 


M> » 


H>.29 


R-P. 30 


K-P.31 


1 



mt. CCV. m= ! n t <q/4> . q = i II t 

<N/2>r&o, q-4r»<is>££, k=-m + 

1. -1. 0, , m-lTT'&O. !^q-4fli< 
3 Sfc&q -6m = Q, N = 2<itf*^±J9B 

k=-m, -m+1. -1. 
0. 1. — . m-ir'*D. q - 6m = 3cr>££. k = 
-m, -m+1. -1, 0, l. 

[0084] WC. #JJH/3*- F A - I /O- 1 , A 
-1/0-2. A- 1/0-3. fc*tfA-l/0-4 
±*£3*BB8NXN AWG WM-l^ft«to* 
AlWMWL-P. a. L-P. <i +1. L-P. 

q-i\ fcjtfL-P. <i - 2 6 Jtr n^n^-<£#A 

HIW-^U A^WBAtf-hA- i/o-a 
-l-i. A - I/O-d-2- i. A-l/O-d- 



3-i, feJi^A- l/O-d-4- 
N x N AWG WM- 1 &8iftf*DAAfllM<- F R 
-P. i + l. R-P- ivR-P. i+2 fcJ:tfR 
- P. i+3 ii*<-n-ejhl=i— O^Xiil^*- h 
40 I/. ^*7UH/}*-FA- I/0-&, A-I/O- 
6. A- 1/0-7, fc<fct*A- 1/0-8 titS&tl 
EBSNXNAWG WM-2^a«©*Affl*#--l' 
R-P. a, R-P. a +1. R-P- <l "K fc 
J;a<R-P. q -2ili-en^^-C-*Aa^*-F 
*v*^Aiitf3i<- HA- i/O-d-5- i , 
A- I/O-d-6- i. A- l/O-d-7- i, it; 
^A- i /O - d - 8 - i £*d9ttBBN * NA V 
G WM-2«'^«!l<^A£aA*- hL-P. i + 
1. L-P- i. L-P. i +2, **J:tfL-P. i + 



(31) 



59 



[0085] ±&Utc X *>iC%?,&1j*- Y £H*& 

fc0*>*J:^tt:. *AtSi/J^H^ioPO-n <n = 
1. 2, 3, 4> <£IElv£§**>*^K#fST*<>& 

-n <n = 5. 6. 7. 8 > <^l>8«**>**cc*|' 

[0086lfitot, NxN AWG VM-l©LO 
jctl-r &«*&»««:BBr* AM PO- 
ti <ft= i. 2, 3. 4) caaoaa* 

-P. 6k + q. R-P. 6k + d + 2, &CXR-P. 

6k + <i + 3i. #****>4H4c*ft'«rtfifci/c- 

3fc#fi2S$n* £ C 6 Oft ?aA=z** tBA</ 
S£Sl-j, SP-j. < J = 4 k+Q + 1 ) 
fslBSS3- $<DftAfi*- HS- j - I - 1. S-j- 20 
i -2, S-j-l-3. £tfS- j - i -4<fc£*n 

etiffieaa-cttof. NxN AVG WM-2 

(PLOtC**? *M»»«CBT&AUft#-- h«3*» 
P-n <n = 7, 8, l 2> ©HWte** + >** 

ic«itr*<ja«o3t\ai**-hL-p- 6k + <i + 

1. L-P. 6k + Q, L-P. 6k + « + 2. Btf>'L 

-p. 6k + q + 3i, &a***>*oi,ic«v«i» 

t^^ISSI- j, SP- y. (j=4k + <i+l}4) 30 



J:tf£lE]S£S3 - j F S - j -O- 1 . S 

- j -0-2. S- j -0-3. &VS- j -0-44 

^8@aNxN AWG VM-1. VM-2. 
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* >*JMIWC*tl60W4l*»*a3R« tl*4 C 
£®&*PX:i** F/S3*W y *BBS 1 - j. SP- 
j . < j = 4 k + <i + 1 > MCXXaBS 3 - j <DAU 

*>C ±K&&»&0*m*:lE±Ui*tCT&C 4«W© 
«^±@SEr**fctf>, *«WS> % *&*HftBBNxN 
AWG VMrl, W*- 2 

FEiX-tf ? ^EaRSS 1 — j . SP-i, <j=4k + q 
+ 1 ) ft}<felX*0BS3- j <hOAtttf3#- FW**-* 

ffcU'CfMtt'ftttft. W«*»aHBNXN AWG 

St £fci*#$lT£SKj: 0 £ftMBtitA?*«* 
(I. Oi?awa et. al, OFO* 98PD4- 

*>c<L#iti£, mux 1 **. 

[0088] S6tC, ^55^GOREW^^ti^*-- 
FHKfctf£****4i^ft**>**WM 
«tt&, *n*ft©fft** + >*JMc*ii6LrTEBS*i 
fd^DXa*^ F«*<f ?*1eIS&S 1 - j . SP- 

n-en^s ( a > < i> > whom* 

[0089] 
Will 
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No. 






1 


*K<*r«Aiiifi«-tMtfM 


A-l/H.M/HfiL A-l/^JH.^WHtfffii 

l-l/9-M-l/MH. A-I/M.H/HSI 
*M£TflAt37rf*-htt;«fi 


2 


flo 

H-M.»-j4-2lB. S-hH,J-r«»l 
* » < fcT* Atf JO »• ia* fr ft 


A-l/fc-I.A-l/HlA ft-l/9H.*-l/TMl»#iSa j 
A-l/IM.Arl/fr*ll *1/tH,Ar!/M3B 

*K<ST!DAtt±lt*-HBI*nM I 


3 


frj-HLSv+4R *J-W»H-MH«a 


A-l/TM.A-l/fi-SHl tri/1h%*r\AyW&j6M 
A-l/IM.A-i/^eSSlL JH/M.A-1/MB 


4 


AO 

< rccD A8*#- tWXB 


A- l/v-1. A-l/(r7 mu *rifv~ z - Ar l/v-Cfn BMSII 
A-I/0-U-W1HSL A-l.4M.A-l/Wa 


5 


i-j-l-i>S-j-0-1ffl, *v-1«J-i-M|B 


A'l/0-*.A-l/«-5KW A-I.^H5.A-L«-8H 
<r*<±T*Aifl*tf-KMA«M 


6 




ft- 1/0-2. A-L<1B-fllJk A-IAH.Ai/tHfHtfM ! 
flo 1 

sft^r&Afcatf-i-Mfffl* 


7 


§•3 

«*<£rcoA<E*tf-hH#M i 


A-1/O-l.A-l/b-ftW, A-l/0-3LA-l/)-5Htfai 

So 

Irlrt-tA-MMB. A-|/*-i.A-l^4fl 
* » < £T© Att*#- HUffiM 


8 


s-rhts-j-o-sBL 


A-MD-tH/na. A-u*<*-i/8^Htfafl ; 
so 



[«12] 



(32) 
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[£&<«)] 



63 



C33> 
[»&)] 
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No 






1 


ao 

S-j-l-l.T-|-0-2*ik 9 m yi -3,rjTrW 


j-1 /0-1 *-l -1D-EH JM/fr-3 A-L/ft-AfiS 


2 


JO _ 

S-j-l -1 , S-j •{r2m v 3-j "1 -4 5-jttHi 


ao 


3 


S-jH-I.HHMffiL S-H-a.Srj-0-2R#aa 
fio _ 


ao 

i-l /0- L A-i /ft-* F9_ A- 1 /fi-9 AH/THUS 


4 


fi ° -^-> 


flo 


5 


flo 


to 

£T©AS*#- HBMWi 


6 


^n,wa e-ri-ti-j-o-3sw«aa 
»<*T0A»*i*Ma«ai 


AO 

MK«»Afl**-MB«« 


7 


» ■ ■ 


a ^ 

H^J^I/MR. A-LU-3Jfc-l/1-5tt 


8 


$v-i-e>r«-3l* J-HHJhH-WM 


AO 

E»<««AflA#-KIWWrtl 


9 


ao 

tft<ftT6A.tt*IWtt 


AO 


10 


flo 

»<$T©A&*tf-^KaflB» 


no 


11 


6-j-i-3,s-rMa s-i-j-^s-i-o-awi^aa 

flo 

8-j-l-3.3-j-i-i5IL H-'-^W-MH 


«io 

H/HLA-I/D-^BL A-I/W.A-I/WH 


12 


so 


flo 

t»<*t«Ae^^-nsis r « 



h l/O-n (n= 1. 2. 3, 4> 
a i/-^CL-n (n= i- 2. 3, 4) WfcAHtfj* 
-hCL- l/O-n <n = l. 2. 3. 4> 

<rt = l. 2. 3, 4) ©*U**- hCL-O-n 
<n = l, 2. 3. 4 > £. *EISfi»CORE«>*A*' 
*-hA-i/0-n (rt=l, 2. 3. 4 >' 
tC. HCL-:0-n3C»^aW?*-hA- I 



)t*l^*^*inlAMP-n <n= 1. 2. 3,4)** 

A - I/O-n <n = 5. 6. 7. 8> 
u->CL-n <n= 1, 2. 3. 4) TOfcA/J*- h 
CL-i-n < n = 1 , 2. 3. 4> «t^^»^5Str-C- 

§SS 1 - j . V&S P - I (j=4k + Q+ l) ?:<-n 

so ^©*^a • T4^>vji5t©sso-c-ti-en^iST<&afi 



♦ 
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65 €6 

i. a: 3, 4 > iR<omnf^B»^m^<Mic [&i3] 



No. 


•C|-!5-}£l»i3i9 * 3&8r$$13: 




1 


<-l/*-I.H.'WB.»-lrt-l.*-l/»-BS!Wai 

lo 

*-l*H.JH /&-««. A-t/MJH.1-!ffl 


l/OH * l/H WW MM 


2 


JIO* 


1/9-1 * I.D-t * WW 


3 


A-I/O-IA-I^H, .Vl/0*A-liTHHiWail 

ao 




4 






5 


JHrt-iJH/B-aO* A-l/*-3.A-lAHeKS<aaa 
A-I/0-2.AH/D-3HL HHH/HII 


liM « irXH. l/IM * MM 


6 


A-l/D-tJH.^-5B. H/Klrl/MHWKI 
£•5 

JHA-tA-MHH. H/HL*-WWB 


l/W ^ l/H* MM * l/W 


7 


AO 

JH/D-Z4H/IHSI. HMtrl/MB 


« l/<K liD-J * l/M 


8 







[« 1. 4 ] 
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(35) 
[36(b)] 
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No. 






1 


SO 




2 


*-|/<H.IH/HflL *l/W>l/WHi*ai 

BO 


IAH » 1/0-2. >/»-* » l/>3 


3 


flo 

A- MM. A-S/MH, *" WW. W/Wfl 


1/0-1 * l/K l#-a « l/*t 


4 


A- LXH A-I/0-7SL ft- LTH. ft-l/<Hto* f 3UI 
A-WHA-W* A-WH./HrfMB 


UO-I a l/>3. 1/** =» l/M 


5 


A-l/fr-iA-l/O-SU, A-l/O-I.A-l/GWaa 


I.AK » l*K. * l/W 


6 


A-I/O-LA-I/O-SR. ft- iy<M. A-l>^-?Rl^i& jft 
A-LtH.A-1/O-Sfli *-L*KM/<H» 


1/tK « l/M *» l/Vi 


7 


A-l/0»2.A-1*-t», A-l/D-tiHAr&q 


l/KW •» LAW, 1/0-3 « l/M 


8 


A-l/9-J,A-l/tW&g. AH.^.A-1 




9 


*-l/CM.A-l.«0-JEJ, 1-1/0-2. JHAHPI 


i/d-i *» i/o-i mm * i ; im 


10 


ah/o-ia-wwIIL i-i/o-a.A-t/o-iH 


1/tH * l*H> l/D-2 * l/0-J 


11 


A-I/M.A-WM&. A-L^A-bTMB^aa 
A-l/D-J. AH/W. Arbl-fiH 




12, 


ft-wwift-w-iBL vi/dha-i/o-sm^sii 

A-WKA-l/O-tfk A-I/OHJH/C-IB 





-j, &V\ SP-j <j=4k + q+l>G>*-f?* : 
ttfJ£2|«^£$KJ:0&5 (a) £H6 <a>ft9, & 

( = 1 . 2. 3. 4 ) MC«0RW4MW<:Sim'« 

[0090] r^fe, «ften2^r^fa&£\A* 



50 



9m$Amx#- m/o-i, i /o- 2rai i /o 
-3. t/o-4ra<-n-e^tcfe^*c^^*>^^s 



69 

[0 0 9 1 ] 2tc* jttux** *? h^A^^SP- 

1. 1/0-2. 1/0-3, !/0-40>ffS©2* 
- h ft I 8& * * > * A m iC (Bl WE>± 0 T 0 fl> 2 

[0 093] *fc t OHhE)*? tv-?ic*ti*x. C*< 

Si - j fe£CHIs*EiA:3** hJi*^?*SP- 

*EBS3- j. T**fcSU7*SSr4«5*A 
A#-t*J:&*in^4^Uft*~l'**U 39 20 

3^AA#->i^4<Z)^ffiA*- hi«>ra'C7£»fft 

I- *fct» 10#Afc#-- Yt&2Q>% 

tiara:*. *fciar2<C'*7Jj*- hisicDTeffl* 

A*>#— h £#3 WfcS^tf- h t©H*>J:OT|l4©* 
A£#- h 1 OAifi**- h ±ccfflt?#«8K«* 

*/c**»2^*W3?l«'-hi»4<JHeaW3* 
fttf- Y £S4 F i«W-C*»«B*tt 50 



15P32 0 0 1-103523 
70 

*rc^iwfew?*-h<t^4^ai^* 

*?K- h i^4^S^- I- i<0^^J:O'M4<C*A 

3S-T^\ ^^i^4<WtA^*-hi^l^aiAi< 
- h i^fe<l:cm3^W3*- h <t^2^Hi^* 

4 m^ssss 3 - j ox*-rn&v>m&miE<?>^x*:& 

[0094] UK, «&t*H5 tcSiTBBWIWW. N = 
64. ^^+>4^fe1R3^A = 2 5GHz<0NxN 

15 0GHz <-l. 2nm> <*'^-ri^^* 

[0 09 5] #*e«BAMP- j ( j = 1. 2. 
3, 4)fl*fMiO'C. ^<*U-1fa^cr.^±* 

UX*&t:VAz>T 4><z.mi>z>t. 

[0 09 6] ?!K. ±^U^5<D<fc^tC, 

teOT-^SfcOG^Wtefc*. fflSUWtctt 1 - 0 d BS 
ft. <3.C,Chen f «t.al,IEEE FTL f wl.l0 f ND.3 f pp379-38 
1,1998). y-h-?7M^'*> ^^PM^tSSS 

^TOa^ 7 ^©gfi^r^ * P * ^ * * h JS 
nP5Sl-j, SP- jO«&»5<lB£*l (A.mi^sno 
ct.*l f ECCC*96ThD.2-2). ^A^MS <SOA) 

^P5SS1-j. SP- j^R.^0dB(I.Oaay-»€T, 
Al,OFC98FM-lX 7tlf- + AU-^<^R^^ilSia 
f^^tC 1 d BSMft, r 4 ><^<Dt&& — PifcOO 

^«-2 0dBin<^><t*. *}J:<-3 0dB <ffi^i&l9 
95fik^e^»Srj^c-2i5> imffi<>4i. ^<A -r 

[»9] 30-1. 0X2-5. 0 <0> -1. 0X2 
-0. 2 5X4 = 3 0- 1 0=2 0 <25) dB 



07) 

71 

tfL&i>a>ti*. ft^r. "4>«iaiis ok t 

^■<S£0 .23d B/k m<^aSf Ar^-CCC&K 

[0097] NXN A^GcE'SiSsSt*. iiS<D 

25 dB. liBI«Em»ft^o^ 
h-^ffc*B->fc<>©X l *JA*-4 0-<lBt <llJfiBf&19 
97tt*iI^^lfe*^C-3-119) £HfR<>£*v Sktc£ 

*-*»U-M>T-f Vl*-*/* VfcfcJ^S 0 dB£ 

[0098] £ ?c, **«B^«^>S5ia<CjS*l/'C*ft 
f *Z^(07 l/*JbRM < - 1 4 d B > &tB&j7ia\<0 

[ft i o ] 3 0x2 («KB-aaafe»nw(y«*MK> 

«Ji) - (14+1. 0x2 + 25 [40] X2} x2 

(ftjis-aia^fc o = 7 2 [-132] a 

B 

[0099] ±&Ofc J: 5 <*fli»alW>*/<* - T 
± D 0 IS* -5 i ^ ^ fcStfMfSSft * 2 -?CDA Y 

[0100] 

fcawfr ait* ff* 2^*1- y-A«cpr*»«» 
ft *l££<t-e>6* * tcr£c/cfi^*<Df£?i^^cDr ^ v 

2 a * * r ^tT^ c ±tc * 0 i^fts ft* 8 

[0 1 0 1 ] ttc, **miz&tii*. s&&* + >*;u so 
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[@i] ru-«a»ffl*s»aa©*j«<:5tTiar^ 

[02] -^^—^fem^tc^Sn^*^o^a^ 

[03] *§m<o- »^i®2n4*^^2^ 
[04] *#ypico— sy^jgKtfrb*^*.* - 7u>t> 
[05 3 H4«:^r^^ -ru>i>ra*lelwe*yBS 

[063 '&£XDit!>Bte** Ymuy^&%*Z&1tK 

[07 ] • yuv^fflfflaWW* 

<7£*p;s2** ngxw ^*©5ss 1 - j fccfctf** 

[08 3 *A9KMfc'<A -7U>^iffl»*«W& 

[09 3 SL^^i'PAn^^ h@88©«rt«:5i<ra'C 
[0103 8£*©*T K • KP ? 705S<D^^^Tig 
[0113 ^*cc*>4-^ifil5fe^<eS<Om6£«r^0^*> 

[0123 **fi«so»««:5vrei-c**. 

0-1. 0-3, 0-3-i (i = l. 2;-- rt> 

0- 2. 0-4. 0-4-i (i = l, 2. n) 

.1 - i < 1 - 1. 2. 3. 4> ^e^ia 
1 - i - 1 ^Je<s^s 

1- i-2-1. 1-1-2-2 *7^yU-> 

2- i = K 2. 3. 4) *^SS^«B 

3- i < 1 = 1. 2. ™. !i> 2\1l2ftft*uA • 

4 S±^tJQ^-7t^^ 

5- 1. 5-2 ja«g«b— 

6- 1. 6-2 *7^VU-^ 
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* Jc&t>*-h 
SS - i ( i = '1. 2, n) 2 x l&i&te^*- 

SS- i - l/O-L- j < i = 1. 2, ~. ft ; j = 
1. 2 > #A*BA*-h 
SS-i-l/O-R-1 *ABttJ#-l- 
i /O- I ( i — 1 » 2, 3, 4) *WUJltt>#~ 

r 

ADD-l-l. A-DD-I-2 &mjj3#-t 
n) «*0*:a*?Ml 10 DROP-O- 1. DROP-O-2 9\-m&t>#- 

CL-i {.i = l, 2. 3. 4) fctf-*^-* 
<3tf-hS>> 

CL- I/O- i < i = I. 2. 3. 4> *Aai^* 
" - h 

CL-l-i < i = 1 , 2, 3. 4 > #A^j#-h 
CL'-O— i <i=l» 2. 3. 4) 
AMP-i <i = l. 2. 3. 4> H*iai*»fi*a 
CORE %mfa& 



7 - i . 7-2 

9 - 1 , 6 - 2 *A«*«a»* 

10-1, 10-2 

ii r u-^tsss^u ^ >r& 

L-P. i <i = l. 2, n> tEASMW 
R-P. i <i = l, 2. ~. n) .*AJUft*-t 

51- j <j = l. 2; n> £*DX3*^E 

52- j ( j = 1. 2, 

S - j — I — i i j = 1. 2, Hi i = l. 2, 
3. 4) 

S-j-O-i ( j = 1. 2, ft # i = l- 2, 

3. 4> 

S-j-ADD-1, S-j-ADD-2 #A*rt<- 
S-i-DROP-1, S- j -DROP-2 H&l) 



n) 2?<Z)2&1j?aA 20 A-I/O-i <i»l. 2. 1 2> jtmfi* 



CS- i. { i = 1. 2, 
CS-i-I-j ( i = 1 . 2. ~, ik j = l, 2 > 
CS- i -O- j < i = 1, 2, n : j = 1. 2) * 



WM-l.WM-2 jfca^ra&laiB 
S3-i 4 A*}4 tfj;frfc[sBS 
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[05] 




WM-9 
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l/O-l. 
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l/OH^ 


I/O* 




-L*»l/C-4 



l/D-3 



X 



i>o-a 



i/o-« 



i/o-i 



i/o- a 



1 

i/o-a | 



l/O-i 
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V03 ' 



r— 








i/o-i 




1 1 


I/O-* 



4M2 0 0'!-- 



• 

103523 




I/O I. 



l/O-l- 



- 1/6-4 




l/OIV 1/0-2 
I/O-* / A 1/0-4 



In 




















i 1 | 


1/0-4 



Ko-i v jf i/&-a 



""1 1 

i/o-ol 


1/<W 


11. 








0-3 



— C 



3T 



SB 



ad 

J- 



"a 



3 



S-n 



0-2 
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n 



1H-2-1 



2L 



l-i-2-2 
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(a) 5-16-1 jfc74*i>-* 4 6-2 *7-r/w? 5-2 



CO 



(d) 



*77<* [ j-jj 



5-1 4 
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; ^3-l ««* I 
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£0173 



(51}Inc.C1. v &8!liS*t 
H 04 B 10/02 



1 

(43) 4*^200 1 -1 03523 

F Z - A 2H047 TO KA12 LA19 UV26 

TAOO 

2K002 MO? AB30 A634 BA06 CWW 

DM1 GA10 H*01 HA02 
5K00? R*02 BA04 B*05 BA06 CA13 

D\G2 DM3 FAC1 
5K059 AA18 BA09 CK?4 CB10 0633 

EA21 EA24 EA28 EA29 



